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pepompe™ 15 designed sc that a user can adapt the system to 
nis own input/output hardware devices. This tnesis develons 
manertfaces to two floppy dis¢ controllers, the iS8C 21 
(single densitv) and tne SSeG 22 {double density) 
momurollers. Tne interface includes tne writing of a heot 
meomer, eEnbedded in tne iSBC 957 Srecution Venicle Monitor, 
tae monitor system for the INTEL iSBC 86/12 single board 
eure. «6C ASO Ucinciuded 15 4@n Interface moduie for tne cold 
meee Loade=r (loader BIOS; ana an irout and G Uitgent 
M@meereee ss hi105, A design for tne interface nodule of 
typical systems based on Winchester tecanology nard disxs is 
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Meee PURPOSS OF THIS THESIS 

Tne adaptation ot CP/M-86 to tne nardware aescrioved 
merein was Undertaken to previce an cperating system for 
moeo processor based single board computers at tne Naval 
Besteraduate School. Fnis overating system will support 
sottware dev2lonment and system emulation for the AEGIS 
modeling project. The software will be avallabile for zeneratl 
Seremay iro. t1 addition the experience of modityin an 
Sere ting system provided tne autnor with an opportunity to 
dearn adout microcorputer nardware and microcomputer 


Mmoerating systems. 


fee to LORY OF MICROCOMPUTER OPERATING SYSTEMS 

Pepomers CG Sf1let overview or the nistory of microcomputer 
operating systems summarized from Ref. 1. It is necessarily 
Gepeee eas the advent of microcomputer operating systems is 
mmeel: rather recent. Microcomputers came or age with tne 
MumpeeeesctiOn Of the entire central processor on one cnip, 
the replacement of core memory witn inexpensive mass 
Muemerecad )6SEMICONductor memory, tne availability of tne 
memo y Gdisk and the standardization of diskett= format. At 
meme, CNe prindry applications of microcomputers were in 
Mmem@etime control systems sucn as machine controlled tools. 


mmoicnm applications, process management is tne méin tnrust 


12 





meee system I/70 is Negligible. Tnis reyuired a simnpis, 


mestomized operating systen. Th 


(D 


fe Seu weer ocOmMputer 
Mrabine systems, more properly called executive systems, 
Mere tor real time applications. As microcomputer systers 
See Less Expensive, it mecame possidl©e to devote a svsten 
Moa Single user 45 4a preeram development tool. This use 
pres@€nted tne need tor nigner level language support, wnicn 
Meant that an operating system nad to intertace one or more 


progranning Language(s) to tne nardware. Several 


gy 


mmerocomputer Mant acturers nave produced thei Own 
fermen n= systems. These operating systems are svnecitically 
designed tor a computer system and are generally not user 
Somrreurabie. 


Unlike tne large, powerful operating systems found in 


maintrame and large minicomputer timesnarine systems, 


— 
f2 


meorocomput2er operating systems are relatively austere an 


Fa) 


Sener. One of the primary reasons tor this ditfrerence i 
that a nicrocomputer is usualtly a single user system (with 
Some exceptions). AS a result, the operating system does not 
Meee tO provide features such as memory protection, process 
scheduling and tire sharing otf tne cCPU(s). Besides the 
meipeer interface required of a microcomputer operating 
Syeruem, the operating system and the applications programs 
Must BrepnOnemn) a small anount of primary storage, 
typically between 16K and 64K, as compared to several 


Meese s in toe targe Nainframes. Even tnouegn relatively 


ote: 





Mermmeealda simple, a Microcomputer operating system must 
marr iorovide file management, process management and [/0 
ranagenent. 

Two representative microcomputer operating systems are 
INTEL’s ISIS-II and Digital Researcn’s CP/M-S¥. TO operate 
Meer [5iS, the user reauires a ninirum of $28 or primary 
mmraee. THE CP/M user requires @a@ minimum or 16¢. BHotn 
meovide the basic functions required of an operating systen. 
Meer nuowever, will oniy run on an INTEL computer system 
montigcuration Suc smenot User modityable. CP/M-8¢ is 
Meeweened tO run Oh any S¥S0 or Z2-8U baesed microconputer 
System after the user has moditied the proeram module 
mumcaerning tne nardwar€ dependencies. Tnis factor alone 
meres CP/M popular and has resulted in tne production of 
emer /M Competible utility and application oroerans oy 
mener conpanies. [S15 nas some veatures beyond tnose n# CL/™ 
Mammmeiem ar’c Of develonpnent sottware tor INT4L nareawere. 
CP/M°s dyramic debugger (DDT), nowever, is more powerrul ard 
Peer to use tnan INTEL’s ICE system. Botn ISIS ana CP/M 
Memory eS5S6ntially the same rile operations. Currently, 
meeause of its flexinility, CP/M is tne most widely used 
Mmrcrocomput2r operating system. 

ime ti-user SsensSs suecn sas sP7”" dane. microcomputer 
metwork systems sucn as CP/NET (noth produced oy Digital 


mes@arcn), are now availaole. 





C. ADAPTATION TO TEE USER'S ENVIRONMENT 

Meesatal A2Ssearenh has attempted to maxce their CF/M 
Memeo oeesystems as flexicle, in terms or nAarcdwareS suite, 
Seeec> Si 912, ofe mrethot used is rodnlar programming. Tne 
Meer intertac®, tne Console Command Processor (CTP) nas no 


Cru inveee. 1 5 


ot 
iy 
iD 


nariware dependencies Ootner tran 


sy 


managenent system, tae Basic Disk Cverating System (2DOS), 
feeealsO indevendent of nardware. Sotn tne CCP and tne BDCS 
M@ememterrace’s to th2 8asic Inovut/Output Systen (3108) 
merouen logical [/G devices and logical disk tevices. Tne 
fee then, contains tne logical device to opnysical «aevice 
Meorea ti ON TOUTines. Adaptation of tne operatine system to 
mmmegue environment requires oniy tne Mocificatiorn of tre 
mepropriate ELOoS routices, 2reatly Simp aay ne tne 
meeeerat.on process. 

Ynee one has successrully completed one adaptation, 
Mmemerow-ON sadaptations will be mMucn easier to acnrieve as an 
Meerstanding of tne operating system and its interrace 
MemeereeresS 15 Jeveiopet alone with a oetter undérstéending of 


mereocomputer arcnitecture in general. 


Pee URGANIZATION OF THIS THESIS 

Mpeoe tueSis 25 Organized as a blueprint for alteration 
Of tne CP/M-#5 operating system to any speciric hnaraware 
Seerrevration. Tnis metnodology will also Serve, at Least in 


eenmeral, tom tne Teens t on Or any operating 
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MscvemN-to-hardware interface. Cnapter if is a brief 
introduction to microcomputer operating systems in general 
Memeeseemodi1ticetion of tne CP/M-&6 operating system in 
Mempicular. Chapter cc retlects the investigation or tne 
memeeroate Operating system in order to undcerstend now to 
mem it to the existing nardware. Chapter 5 is a Summary or 
roe study DMmencemr Uno lcadli a t2O0NDyY S21Ssk or wWincnester 
mMeennolorzy disk and 4a Loox at possiblsS nardware cfandidates. 
Cnapter 4 covers tne adaptation ot tne I/O interface module 
(BIOS) and the bootstrap program tor these versions or the 
operating system. Saeab S| 5 discusses some of tre 
meer icuilties encountered and a plan ror adapting CP/M-§6 to 
a nard disk. Tn©® appendices contaln tne vrograms seveloped 


Meompoar. Of thesis anc One OF {tne programs which was used a5 


a2 nodel. 





ere cele ORP CPs M-=25 


me)|6UCO YT EPVI BW 


Mears is a Microcomputer operating system for INTEL 


+O 


MePORATION’S 2¢36 vrocessor bésed microcomputers. It is tne 


C3 


meal successor to CP/M-£C, a Similar operating system 


t- 


C 


9 


meeeeomea and MmMarxetec ty Digital Péesearcn tor tne INTEL 
meee rocessor. File compatibility nas ofen preserved witn 
Mey IOUS Versions of CP/M. CP/M provides a feneral 
Smee onment f9r program construction, storage, editing, 
eeeeon and debugeing. [ne file structure ot version 2 or 
CF/M-S0 is used, allowing as many as Sixteen drives with upd 
Memmerent Nesabytes on 24acn drive. 

fay M26 offers ee a UPPeey eeemmands, Sverem 
Mmeeeetent commands and the capadility or executing user 
gefinedi transient commandas (prozgrams}. Among tne systom 
transient programs are an Intel conpatioie assemdier (asses) 
mieee Cynanic nacnine language program aebtuezer (PDT). They 


? 


Smee scribed in d6teil in Disitel Réesearen Ss publicétiors 
{Rer. 2} and [Ret. S] respectively. 

Meee crim teatyre of CP/M is its noculérity. One of tne 
Memee nodules of tne operating system, the Basic [/9 System 
(2B1I0S), astines tne nardware environment for tne system. 45 


Meeerit Of t2is modularity, CP/M~-ES can de modiried to run 


Gumeany 2036/3088 processor based, singlS processor computer 


ie) 





System by merely changing tne EFI0S. A more eetailted 
Mmeercription of CP/M ani its features is Contained in Digital 


Mesearch S publications |Rer. 4], [{Ber. 5) and |[Rer. 6]. 


3B. ORGANIZATION OF CP/¥-86 

ime SOUrceS or CP/M=e6 information tor this paper are 
Smee |, (ref. Sj] and ([Rer. €!]. This cnapter freely 
summarizes tne relevant material to tn1is thesis. 

Tne operating system is contained in tile CPM.SYS . 
"CPM.SYS' contains tnree program modules: tne Console 
Connand Processor (CCP), tne Basic Disk Operating System 
(E2DOS), and the user-contigurable 2asic Input/Output System 
(ep0S). Tnis modularity allows tne CCP ana BEDOS to oe 
independent of tne hardware in whicn the system ie 
mipvenented. 

The CCP is tne system's interface to tne user’s censole. 
It translates tne user’s Commands into CP/M system calls in 
Meer tO carry out the desired action. Tne EDOS module 
Seaes adil tne disk and file nanagement. Tne BIOS contains 
all ‘the hardware depnendent features and interfaces. The 
emery ne SySt2m executes in any portion of memory eabove tne 
interrupt locations, wnile tne remaind®r of tne address 
Mpereee 1S pertitioned into as many as 212nt non-contiguous 
meeons, as defined ina table in tne BIOS. 

mere coonls toe lanree a program to fit in the first two 


Mectem) tracts of a diskette. As a result the boot loader 





loads into memory a cold Start loader, called LOATER.CMD , 
mmem the first two tracks. Tne taot loader makes tre 
mm@mropriat® initializations and then transfers program 
mmero: £O tne cold start loader. The cold start lcacer, 


wnicn is essentially a subset of CPM.SYS , finds CPM.SYS_ 
omeetne system aisk, loads 1t into memory, maxes tne proper 
memati izations, and finally transters <scentrol to Le 


operating system. 


Meeeeeccr 2YILT-IN & TRANSIENT COMMANDS 

mere operation of CP7/M—-26 is similar to tnat or CP/M—-R8¢. 
memmecold Start tne operating systen Signs on and drive A is 
meescea-in, CP/M-86 then waits for an input command line. 


There are rive huilt in commands: 


Diets —- Cisplays the directory or tne cesiegnated drive 

BRA = erases the Specified directory entry on tae 
adesigneted drive 

REN = renames tn® atzesignatedc rile 

Meer  tyoeS the deSienated file to tne logical console 
fey ices 

Perene = Changes user directories in multi-directory 


systems 
Also tne command iine navy bpezvin witn tne rane of a 


meamotent program with tne assumed file type of CMD. CMD 


stands for command ‘ile and is used to ditterentiate 


CP/“%-E6 transient command files from COM files uneser CP/M-kY 


eas 





mmoen Serve tne seme purpose. Transient programs are loaded 
into memory in tne Transient Program Area(s) (TPA), as 
memmreyed in tne EIOS, in stacx order. 

Mey-26 SUDDOFtS preerams written in trnree nemory 


Memels: the #¢€8¢ model, moe wove MOdeivand the Compact 


Mie SG20 model supports proaerams whicn are directly 
translated from CP/M-8¢@ wnen code and aata areas are 


ol orelae 


meee xed. Th= model consists Only otf a code -roupn 


= 


Mmomeecurn, 1S normaliy a sinele® segment of 64k or less. Tne 
Operating system and the cold Start load2r are written in 
maeeodsy Node. 

The Small model sunports orograms wnere nere is a 
Bemoarate colic and data ezreup. Normally tne Stall model 
Meoetans are S4% or 1ess. 

The Compact model occurs wnen any of the extra, stack or 
Gugmmerery 2rouUps are present in tne program. hacn group may 
memolst of One or rore seements. 

Merwe enOde lS Gigier prinarily in tne manner in wnicn 
Petewoesment rerist2=rs are initialized upon transient oroerar 
[oadineg. Tne operating systen’s program 19éa fee fon 
MeeeeerenesS tins memory mnocel used py the transient sregram py 


Meemrrvin2e the proeram egeroun used. All three medels a 


4 
iD 


Meeereussecd in more detail in tne next section. 


ie 





@eterninec by tn® vemory model of tne transient program 
M~pm@meroc>e ri bed in the C“P rile neader eenerateca cy tne 


peogTan ZiNC4D. CMD OG oanoyD. CUM es) 728 teres models are 


Semerc ted in flieure 1. 


Pf eve¢ Model |! Code and Pata Grounos Overlap ' 
Meomall “oiel ! Indepencent Code & Data Groups 
merece ooo le! Fihpee or More laudependent Grovos ! 


o- The S482 Model 
Tne 8@#4 Model is assu7med wnen tne tréensiert 


mmeerar SOntains oniy a code zroup (containine noth coae and 


eee In sucn cases, tne CS, DS anc HS registers are ail 
meer. ized tO tne beginning or tre cote zrous, while the &5 
Summers TELL Sters remain set to 2 SG—cyte stack erea in tne 


Sin eatrw tC 


ft 
> 
4 
> 44 
<« 

Ui 


mmr ne Instruction Pointer (IP) is set to 


cP/M—-S¢. Tne internixed coae ana@ 4éta reflons eére 
Mmiemeeertanstisnabls. This model allews Simple transiaticn of 
eo) GN 2S Cole into tne =¥55 ana SYS environment. 
Poliowing program load, tne Eed Yedel anoears as in Figure 


Mummers 1Ow acdresses are snown at tne top of tne sieeram, 
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—_— ae esos ee a eee oe a ee a oe 


ceny 
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Cee 
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meeesem Uses potn a code and aata group. (In 


meestaeneratedi tollowinge a CS Soiree ey © 


Gre 
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memeeee Cecinninege or the coie froup, the Cs 


momo che sSLe@rveoe tae date erour, 


Remodel oetee Clr S area as Snow 


meeauce 3. 


Mosel is assumed when 
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page 
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Figure 3 Tne srali Memory 


were  COnpact Model 


m 
OS 


Compact Model is assum 


memmeecna &TOUDS @re present, alone with 


MeefereninsS sroups. In tnis case, tne CS 


Semen initialized to tne base address 


feo. «6€6ClcIe |hCh6USSlhCOaNG USP OUresisters remal 


Meeeecoe Yr intéris to us2 tne stack group 


transient program must set the SS anid 


epee ©Ne initial configuration oz 


Memese moOce!l 15 snown in Figure 4, 


ei 


i lomand Vc 


model. 


Severn fh, SScCerTate coce 


- 


OAS Or MOTE Cf tne 


of tnf@lir respective 


no lreaes CCF 





f CCP ' 

' ' 

f Stack ! 

cao. 

Co 

: : 

rf [P = OY¢c¢e ! 

: code f 

! f 
DS: -------------- 

! pase ' 

: page ! 

DS + ONSZCH: ! ' 
! 1ata f 

! ' 
ES: <<------------- 

! ! 

! data f 


Previn ere | DeuGompact Memory Model. 


Poe verses, Ofestnhe various seement registers can 
@empeeoreerannatically chnansed durine erecutlon oy cnanelng tre 
Meee ss ifn tne base pages as described in tne prelirinary 
Mememmentdtion, thus allowing access to tne entire menory 
Space. 

fae transient Program Setup And Termination 
Senter eto Cry s0), the CCP parses up to two file 
nanes tollowing Liew commana and places the properly 
meematted File Control Bioces (FCB’s) at locations w%¢¢5CH 
and @06CE in the base page relative to tne DS register. 


Under CP/M-8¥, tne dietautt UMA (airect memory access) 





Meeress is initialized to dve¥E in tne base page. Bue to tne 
mmmmen,ed nenory or the 6&6 and EYE processors. tne LIMA 
memeresS 15 2iviaed into two parts: tne DMA segment eaaaress 
Seerne | 6PM A 6 6UCotfset.6UASO. under CP/M-=5, the cetault TMA 
meer lS Set to the values or BS, end tre derault DYA offset 
Rueemrrializec to 2¢e¢e. This, CP/“=E¢ ana CP/M=-ES onerate 
in the sane way in that they botn assume tne aerauit DMA 
femeeress is the s@cond nalt of tne base pase. 

MmeemGsrs tGansters control to tne transient preeram 
tnroven an 3036 Far Call. In all but one cease of tne 
Mmempact “odel, the transient program may choose to use tre 
Semmrere CCF stack, and onptionéliy neturn directivy to the CC? 
uDOn program termination by executing a Far Return. 
Reeenaonniatic termination also occurs wnen 3D0S function zero 
is executed. The operator may terminate program execution by 
meee e SinNe&le CONTROL-C aurine line editeda input. Tnis nas 
Mmeeeescame eftect as programmatic execution of ##DOS frunction 
MumemeeCcOntrary t9 tne operation or CP/M-8¢, no disKc reset 
eens and tne CCP and BDOS modules are not reloaded trom 
miemmersk UpOnm program termination. In snort, *or tne user 
fer «6WIith 6UCCP/MMEG, «€6tthe)«€6CCP/M-S506C environment is very 


maerar, Cut more powerful. 


Pees bOS SUMMARY 
Mery into tne BDOS is nade tnhrougn tne e€ES software 


Meerrunt £ 224, The BDOS is, essentially, a set of §9 





Mmereons Of tbwhreS basic types; simple ‘functions, file 
Meerations and extended operations. [ne interface convention 


2 


Meo 6CCAdLLISU6hCUPEduiresS.6UTMAaT)hU6cfunction code be passed in 
reeister CL witn paremeters passed in register DL cr OX 
meapemaing On wnetner it is a cyte or word value. Byte values 
feeemereturned in tne AL register and word values in registers 
AX anc BX. Tapnle 1 pelow, trom Reterence 5, summarizes tnese 
Semen tions. A full description or eacn EDOS tunction is 


Piven in [Ref.6}. 


meee DOS Bntry Registers ! Peoue eet etU ro. neotisTers «! 
meck Function Code ! ' 

! DL Byte Parameter { ' ( 
! DX Word Parameter ' ! BX Word Value : 
! DS Data Segment { ! BPX Double Word Orrset ! 
! ' Ceieesceeneny Aiaress ' 


Tacple 1 BDOS Parameter Conventions. 


Swell oS SUMMARY 


'C 
ay 
ee 

Q 


mien eros is lodded into menory just above tne cC 
Peeoemocuies as illustrated in Figure 5. 

meemce the BIOS may te cortigured by tne user, it may 
Pees Omewi12t in lengtn. Individual routines witnin tne BIOS 


Gee Ce at different mnemnory locations. in Oma@er TO 


tae 


+ oe 
ey) 
QQ 
Cc 
rae) 
Wh 
Ww 
Mm 
Ww 
ra) 
QO 


Seeman dize t12e interface to tae BISS, al 
meeeeare Nadie tnhrougn tne jump vector at tne océginnine o2Ir 


meemeemociice. Tne BIOS, like tne EDSS, al 


in 
oO 
eo 
oy 
WN 
1S) 
pv 
©3 
fu 
= 
(D 
ct 
M1 
r4 
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Gs ZOOSK: 


! 
' We SOCOM mE er Ornts | 
! ! ’ 
! SS Se 
eras |! ee DiS ! 
! ! Parameter : 
! ! Taoles f 
BO ga a as ee ED OD ee Ste ee Oe ee oe ee ee 
: Ueegwnera i baat 17cm { 
Delay 2a oiAu 


Memes corventions. Parameters tor routines in tne B81US are 
passed in tne Ci register aod the TX revister snen required. 
Meee Values are returned in tne FL register and word values 
meee xk. 

BE@eeeoceetiree Mejor types of routines in tne #8108: 
eereem iNitialization/reinitialization, Simple ctnaracter 1/9 
Pemeecisx 1f/0. Alt simple cnaracter [1/90 operations are 
mermmed to be in ASCII, both upper and lower case, with tre 
nigh @rder (narity) bit set to zerce. CP/M sees ail 
Memipheral devices aS logical devices. Translation trem 


Mpemed. Gdovyice selection tO pnysical aevice asslennent 15 


ae. 





tat 


memeemolisnedt in tne FICS, thus isolatize tne CCP an? DOS 
P——~@~mmcarawape cepengencies. BIOS routine entry 1s etplained 
Mueoizital Research s publication |Ret. 5]. The BIOS also 
Soatains Wiemann r arameter Telles “whicn Contain: tne 


Meseription of tne disk drive and provide a scratcnpad area 


Meee ee Ttadin BUDOS operations. 





Pieler OO UT DEVICKS 


meer / —50 tne CCP and 5DO0S accomplisn ali I/9 via ‘four 
logical deYices. Tne S510S assigns whatever D2avsical 
Meme es ar> in that particular system to trose loricral 


devices. Tnis Tapping in tne BIOS preserves tne independence 


Meeepne CCP and BDOS from the nardware conriguration. 


Mm LOGICAL 1/90 DEVICES 


Meym—s6 adiresses tour Logica! I/0 devices: tne sorsole, 


(0 


Sa 
- 


Une 4150 geVjics, the PU2g5n geYice ate try 


{D 


ae? rhe 


4 


e 


fo 


Memeore i5 the principal interactive peripneral tnrouegn 
Mmereeyohe Operating system communicates with tne dgperator. 


Meemeerist <tevire 1s the principal listine device, usually a 


rast 


2 


* 


Memeo py Printer. The puncn aevice is tne 


3 


lpai tare 


(D 
Cat. 


Memening device, usually a nien-speed paper tape ouncn or 


Te 


Muemeete. Ine redder is tne principal tape reading cevice. 
When the IOBYTE runction is implemented, dynamir> Logical 


tO pnysicai device mapping nay be a@ccomplisned 4s aescricred 


mo nef. 6. 


Seer mr SICAL [/0 DEVICES 

meme iN, CONOUT, LISTOUT, PUNCH and RSAUVER recutines in 
Meee bi05 detine the pnysical interfaces with peripherals. 
Tne system adapter may aetine, in tne BIOS, sucnr aevices as 


Memeeeeee =«€6ta pe )«€6recordersS)§ etc. so long as it 18 interfaced 


or 





mummmmone Of toe Logical devices. In tnis adaptation tne list 


See CO Tr S CONSG@LIS CeVICe are NOTh Mapped to the serieél 
Mmemeconnector where the Cat console is connected. The 
Meeger is stunned witr an ond cf file input, that 15, 
SO rt ead )«606T OUTING tO interface 2 poysical reed cévice, 


Meesinoly returns an indicaticn tnat tne read nas "ees 


or 


tie 
somplete. And the puncn device mép is studted with a 


Meet Statement. 


eee isk DEVICES 


fee ard Disks, Floppy Lisxs 
a ad 


ieeee are many imnolementations of tne fard aiss¢ 
Mememero2l12e€s. There ere fixéd ana movasle neaéad caisxs, 
Bemovable 21skK packs and even combination nari and tloppy 
myete 1s. Floppy diskettes come nainly in tne 5 ana 8 size, 
Meera nd TOuvLS density, sinzle ard douole siaed, ana 425 
Meemmeatea above in combination witn nearg ais«s. 

Pee OUresanization ot Data 
MEior ieee On natok drive may ce dizrerent, data is 


N 


b 


aay 


fd 
>) 
iD 
t 
i" 


Meee 7n Conceptualiy tne same nanner. [he iis 
MeeGe into tracxs for cylinders, if é& muiti-nlatter 


myotem.) Sacn track is divided into sectors. Eact 


ist 


S700 


‘yj 
t-7 
" 


Memeo ole Cy tne controller, maékirns it tne basic unit of 


Mmeeraee., In multi-platter and/or multi-nead systems, t0a 


meocess tne 415k tne controller must select tne proper 


Meaeypiatter as well as tne track anc sector required. 





Pieomarout, sCmee cata that Can be Stored on 2 device is 
Mumm, Of ~The siz@ of tn@ caeéyice anc tne recording 
Mormat. Douodle aensity, as tne mane implies, gives twice as 
Mum ce ce Of 4G Cisxette as sinrele aénsity. Tne cost, 
Nowever, is greater. 

PeebRousn tne Cos eCmm ltt 901. SS FOrae= 1S THe. Sector, 
Bectvors are not the sane size in every syster. In eeneral, 
RPP@eerere TNE SECTOr, The more Striciert tne storaee, Cut 
Poe less etricient the access. Many systems allow the user 
Memmetmect the sector size from 4 Limited set or cnoices. 
sectors are normally 3 multiple of i1c& bytes. 


meoate ri aces to the Computer 


The «ee MomeeE Se StCOrest> “or Inf ormatron on tre 
mecordings media, Tipe saotest Tore tos operating system 
mecmer2er s point of view, is the disk arive centreller. Tne 
montroller itselr is usually a microprozrammed 


Semeroprocessor. The controller nandles tne actual reacir2g 
fumed writine to the disx in adaition to otner turctions 
Mmemed>s SCfK, format etc. The relativ® autonomy or tis 
Somproller trees tne operating system trom having to handle 
meet ON a primitive level. However, tne 3105S, whicn is 
nardware Secs] Cl wae. musi t Sateel eommunicat2 with tha 
@oemeroller at a fairly low level. 

Mosremicrocomputer system 1/0 is done by DMA. In 


Sees «6c LN |6CNOST)6OCOperdting «€6©6sysStem creates, somewnere in 


memory, an entity, otten called a command packet or I/O 


ao 





parameter oiocx or some similariy cescriptive nane. Tre 
“packet is usually seven to tan oytes of intormation which 
Meer TNS detailed command for tne aisKk drive controller. 
These pack2ts Yorm the sole means ot issuing 1/0 commands 
Memeo controller. 

MoGG@ally the J2isk crive controller/interrace snares 
fa DUS with toe nost system. AS a result tne controlier’s 
conmand/status registers nave device addresses trom tne hus. 
mmemorst systems, they can be set ty the user prior to system 
mcart—-up. 

Tne nost system sends tne address ot tne I/9 command 
meee tO) 6[6Cthe6UcOmmand€)6«6reeisters of tne controller. Upon 
mumemmopeot this address tne controller initiates action to 
Seemmmeecontrol of the bus. Wnen the controller nas centrol of 
mero bus it reais the appropriate number or bytes tfror tne 
eddaress et was ane lai. Jt ———comnrolienr sdecoces “this 
Mumeeanl Or dani tnern carries out tne prescribed operation. 
Muemeecontroller may signal completion in various ways, tne 
meemmeeconmmon being entering a completion code in tse command 
Meee fOr tne host to read, sending an interrupt to tre 
Mmeprocessor, Or storing tne status in an on-noard status 
meeemeover for the host to read. 

Many systems allow tne DMA to be ‘tnrottied', tnet 
Meets cONtrolilecr gives up control of tne bus periodically 


mo Order to increase overall system moc Cae 
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Oter irfreatures Commonly Lneluced lee eS re 


Ox 


ve 
wf 
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ro 


ct 
Gs 
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is 
iD 
jp 


eontrollers are: linxei I/0, tnat is, t Sri oy 
Seeemee then one 1/0 command pacxet witzout prompting from the 
Memeprocessor. Multiple sector 1/0, tnat is, tne ability to 
merge or iwrit2 more than one sector in response to a sirgle 
mo command packet. 
Smo kxagnples of Particular Controllers 
a. iSEC 2@1 (Single Dansity YDS) 

Dtcmuoto ecm ceOeScmi ped in Ret. 7, 15 tee 

Gontroller/intsrtace tor INTEL’s INTELLEC MDS &@¢, an SUE? 


Mmmeessor Dasedi microcomputer development system. 


(i) iS BC 201 Comoe. Operation. The 
Mmmmeoreter 15 Ccompos®d of two circuit boards, e@ cnannel 


Board and an intertace® board. Tney intertace witn the host 
Mrocessor via tne systen MULTI2BUS, a svstem’s tus used by 
Myre Corporation. The channel board and intertace  oboard 
emer Nanile ali Communications between tne nost CPY and 
ME@mOresne CLS SyStem. They contain an E=-bit microprogrammed 
Mees oor Whicn can access system memory for odtainineg 
Meee commands via DMA. The controller also monitors the 
mmc uosystem status and error conditions ana méxkes tneir 
meatus available to the nost CPU. 

Dives arsine the system records cdta ty tne 
Frequency “odulation (FM) metnoa, giving a formatted © 
Mumeetbe Capacity of approximately 256% bytes, divided into 


mr tracks ot 25 sectors each. 


jl 





Pienaar Loe nost CFU gust create a4 
connand packet in memory tor eacn operation. INTEL calls 
mins vecket an I/0 Paraneter Hlock (I0PB). An IOPE 15 ten 
Cee LENS TA )6camnd )6©6©6Scpecifies)6all!6tne)6details|6Ucf.€66hUtne 
Mrsmette operation to be performed. The CPU, in tne case or 
CP/M-86, tnrougn tne BIOS noaule, sends tne aadress or tae 
Mueerpo the controller. Then the cortroller gains control of 
The bus, retrieves tne IOPB and executes the command. Upon 
@omoletion the controller posts the dis*ette suctsystean 
Status and, if enabled by tne I[OPB, sends a comoletion 
Memeerrupt to the host CPU. The intormation in tne IOPB 
monsists of: 

mere lL — the cnannel word, this byt2 Sspneciries the 
Vimeo Or LiewlOCck OVeErTride, radndom ftornat 
of tne Lock overrid=, random format seuyuence, 
iene Gm common, Cdadtd word lenetn, successor 
Cross Chemen Watt and walt oits. 

Byte 2 — specifies tne drive selecteac, daté leneta (2 
or 15 bits/word) and tne operation to be 
Der eo rmed . 


peeve © —- specifies the number of sectors to 


cy 
(D 


Gera S herr ed « 


ie 
t 


Byte Specifies tne target track number (4-77). 


cy 
I 


Byte Speciries tne trirst Sector to be accessed (1- 


ere. 





eee SS — SP&ecities the least significant byte o? the 
CU rer agaress. 
Mummery — Specifies tne most silgsnivicant oyte of tne 


vuffer aiairess. 


(Cc 
( 


Ey te mica es demu rOChmammoer which dibows 2 unique 

Moc tteatTon Of an [9PE during linked IOPB 

Vera lons. 

mee oS = CONtains the least significant byte of tne 
PutPereadadress@or the Next linked IOPB. 


Peeve, ie —~ contains the most significant byte of tne 


butter address ot tne next linxed ILOPB. 


ieee osbece ls Can EXGCULS seven comnarcs: 
1) recalibrate (seex track @) 
2) seex 
SetoOnmat a track 
4) write data (witnout adiress narkxs) 
S wer toda ta 


5) ypead data 


fsa ily GRC 


Tne controller nas seven refisters tnét are 
mecessidbDie to tne host CPU. Tne nost CPU can reac tnree of 
Mee Tegisters: Tne Result Status register indicates tne 
Status of both drives (ready or not ready), tne status of 
Meemcontroller tor that drive (present or not present’, and 


the status of the COnuEomner S interrupt flip-flop 





(interrupt pending or completed). The Result Type register 
Mec ates whetoaer tne B@esult Byte resister contairs [/0 
memor codes or ready status. The Result Byte nolds tne I[/0 
meeorr, COde’sS or diskettS drive status. The nost CPU can write 
more four of the controller's registers: Writing anything to 
the Reset Disxette System register resets tne entire 
Mmiekette subdsyStem. wWriting to tne Stop Diskette Operatior 


resister terminates I[/0 after completion of the current 


ei 
iD 


Operation. The Memory Address Lower register receives th 


-y 
D0 


Beast siznificant byte of tne address of tne I[0PE. fT 
Memory Address Upper register receives tne mest sieniricant 
Byte of tne I[OP2 address and when written into signals tne 
eo9ntroller to retrieve tne [OP2 and commence tne speciried 
moeration. | 

(2) BIOS Use of tne iS2C 201. Tne CP/M-86 EIOS 
uses only overations 1, 5 ana §& (seek is implicit in read 
mm@g@eyrit® operations). In addition, CP/“4-86 s0°s not use 
Mmemeecd IOPE°s and oniy does single sector disk accesses. 
mmemevery nUuco Simplifies the I/O routines in tne EDOS ard 
Memeo. )«€6UCNOUTChChCUuSsingeg 6) €6ttne)6linwxed ICPPB cénability ailows 
mememeine the [OPBs to the first seven bytes, of wnicn bytes 
See) TeNdin constant. Hyte One remains uncnangea cecause 
the mode of disk access renains uncnanzed. byte Three, [2c 
Muro Or SECtTOrs, remains sé€t at one, and tne operatine 


meee n 15 freed trom computing tne number of sectors per 





Mess, These Simplifications allow tre #195 tc Nave 424 
memelbe [OPE tenplate in nenorv. 

eco vdamdeeweo: te GSEC 271 15 its 1S6—nit 
emerson e. This Limitation means tnéet tne controller can 
Mummmadaress O24 of system nemory 4S ccmpeared te tne BYES 


PS Siete Cie 


{2) 


processor ¢ mesarvte of address space. is 


Seemernal address of tne iSEC S6/12 must resia® in the rirst 


CS 


64K ot tne necaonyte (from Zeo¢¢H to ¢FFFFH). Tne 8108S in 
MmmeecacPpLation converts tae segment anc offset acaress 
mmemeraed Dy the BDOS into a 16-bit pnysical address for tre 
momeroller. 

Cec oro tna p UsciemoumumeniS BC 2uis..The 00 tstrad 
—~~eeecOCS USE TNE Multi-sector access caéoatillty of tae 


memerorler for loedineg the cold start loacer. Tnis reuunires 


ry 


emer rs )6«€©6imnlh6UENE €6CPOOLStrep program but reduces tre nutce 


(D 


Meme ist accesses from 535 to onl: - Wome id 2sin= be 
Meeeoetzed function of tne bootstrayn Loader and its Llécx of 
Meer iece Witn the 2D0S, this is a very efricient deviation 
Mumm OTHE rwise efficient CP/M retnoc or a1sk access. 
Dp. iSBC 282 (Dounle Density MDS) 

iit oben tS etme Controllemyiantertrace <t9r 
INTEL ’s INTELLEC MDS 888 microcomputer cevelopment system. 
Mies) 26S5cribei fulity in Retr. &. 


(1) 1S8C 292 Controlier Operation. From tne 


io 


meee pOlnt Of view this controller is essentially tne sere 


Memtme i1SBC 201. The main difference is the recorcing 





Merpat. “oditiet-Moditiei Frequency Motulation ‘(MMIM) is 
used, allowing tn©® same media to icla (formatted) 212K bytes 
Meme aivid=d into 77 tracks or 52 sectors each. This is 
ec’ Capacity of tne single density system. 


fepueeeites Use or tne iSPC 2¢2. Tae interrace to 


tsd 


Meeeecontroller is tne same as taat of the iss ecvl. Tre 
Meeerence 17 organization and capecity is only evident in 
the disk definition table DOUELE.LIB. 

CmeecouUStEemmciemot tne 1S&C 272. CP/¥ “5 aguble 
memermty tOrnatter formats tne first two tracks of 4 ciskette 


Memeeeoszte density. ie. 26 sectors per track. Tre told start 


meermer 6fd itSlhCUdiln Uottne first two tracks of a doudle censity ix 


MD 


Memsane Way aS in single density. AS a reSult. the sar 
meet rap program will load tne cold start loader fron dota 
Single and double density diskettes. 
C. REMEX RDY 32¢2 

Mammo clUs as described fv Ref. YY, Het. i1¢ 
Meme: . ll, is 2 tulti drive unit consistine of a fixed 
Wincnester Tecnonology 14 disx and two & flexible diskette 
drives. Tne diskette drives are “jumper selected 4s eitner 
Meee Of double density. I[n both types the sector size is 
eerrcule.,. The formatted capacity of tne fixed disk witn 
Meee or Size set at 1e2 bytes is 16 megabytes. This adaata is 
Mummers «6h ACKS:«€6COfd6€61¢40h—COS@ctors for eacn of two read/write 
Meee nS Single density floppy drives, formatted for 1¢9 


Mmeroeper SECtor, Nold 26 sectors on eacn of 77 tracks for a 


oo 





mereal of 255K pytes of storage. Set for aouble density, te 
Memes t Sector size avaliladie 1s 256 bytes. At 25 sectors 
Muummmenaick, fOr 77 tracks, formattec storage is 512k bytes. 


Meetnis drive were used for CP/M-#6 in tne doudle densi 


ct 
< 


tte sector size (256 


iD 


Memes (ne «6cdilf ference between <dais« 
memes) and CP/“M-86 sector size (12& bytes) would be handled 
by a  bdlocking/deolocking alzoritnm itike the one provided 
Seen CP /M—-2S., 

Cpaueweewn COntroller.. Tee neart of tne 
montroller 1s a Gene oroeramned  “Cimerola  SE@E, Sabit 
Mmeroprocessor. The controller pnysicallv resides inside tne 
mba trame and 1s linxed to the most syst2r by an inatertace 
Meme iS alteration utilized qa MULTIEUS interface, wnicn 
Besided in the nost’s system “ULTIZ0S. The interrace 
meeeoes «resisters for communication between tne nost anc 
Meercontroller CPU’s. Data can be handlei aS -tit words, 
Memeeeere WOTdS or as #=-pit nalf-words. The controller can 
memo ish 1/0 by CMA, prosrammed [1/0 or by interruvts. All 
Mise writes are by Moditied-Yodified Frequency Modulation 
(MMFM). The disk drive system can also be [GMA throttled, 
nich permits otner masters to gain access to the system's 
Seemero between accesses by tne disk unit. 

PURGCtLONatly, tme 20St CPU must create eae 
conmand packet in memory ror each operation. A command 
Mecnket 15 six to fourteen oytes in lenzgtn anc specifies all 


Meemcetaiis ofr tne disk operation to be performed. In the 


o7 





Meremoie the oaost CPU must test tne status register in tas 
MererrOller interrace to assure that the controller is ready. 
Meme tne controller is feady tne CPU, in tne case of 
CP/4-&6, througn the BIOS moiule, sends the address otf tne 
command packet to tne controller interface. Then the 
memcroller vsains control ot tne ous, retrieves the tommand 
Mereeet and executes the command. Upon completion, tne 
mum oller posts tne disk subdsystem status in tre commrand 
meee t in syst@m memory and, itr eéenaoled by tne command 
Becket, sends a2 completion interrupt to tne nost CPU. fhe 
Mumma «6a CKEtT).|6C6UCCOnSiStS)6UO6£:mh6UScilmcxh™6hC6UtOlhCU6Uf UUrteen bvtes. This 
controller supports tive types or operations. Tne size of 
emmeroket ani tne information it Contains are deterninéd py 
the operation to be performnec. Tne five operations supported 
are; 

1) read data/write cata 

Zeta ea b.ewans data fOr Sinzl2= record 

(fixed disK only) 
5S) copy from one drive to another 
4) format deslenatea disk 


5) maintenance package 


Bie controller Nas tour refisvers tnéet are 
Mecessidvie to tne neost CPU. The base adcress of tnese 
Meermsters is switcn seléectabie. Tne base address dlus one is 


Meemeeotatus register, from wnicn tne nost CPU determines 





Bummeescatus. IN bese address plus taree receives tne 
lower byte of the address cf tne command packet. Tne case 
Mm~mm@ess DLiUuS two receives tne middle oyte of tne command 
Memeer)6Ccacdress. The base acdress receives tie upper byte or 
tne pacwcet address (RDW S24 supports 24-bit addressing} and 
when written into signals tne controller to start UMA. 

Poymer lOssUs@ mot toe 2Deo2e¢. Tee CF/M-EG EIOS 
would use only tne read/write operation. Tre fact thet tne 
mara G@isk aS more thar one nead would require that tne RIOS 
disk definition table look lize one continucus set of tracks 
Meemeonat prior to initiating DMA, tne ELOS translate a 
Meeeecal track number toa physical nead and track number. 
Mme read and write packets nave tne same format wnicn 
Beguires only one packet template in tne S108. Tnat pacxet 


meee tne following torms indicated as i6—tit words: 


Word @ menor hers ligszed 1/0,imterruots,etc.), 
Ooo raCweonmeana sc rive selected. 

mec |6Ud Ll = Status word —- written by controller. 

were eC «UCL TACK number. 

mora oO ~ neacd and sector start number. 

Mord ¢ — lower 16 bits ot DMA address. 


mero 6USlCU CUS CUlbyte of DMA adaress. 


Word 6- transfer word count. 


Altnough tae RDW SuUpDOrts c4-pit 


meoressing, it requires 2 24-bit physical address, not the 





Mememenc and offset type address provided ty tne BLOS. 
Theretore tne BIOS must translate tne adaresses  oetore 
meercine ~Them in tne commend packet and betore sending tnem 
moretne interfaces. 

a5) RDA 


HEootstra se of tne Boe . Tha 








Meters trap proszram would us2= tre muliti-sector Secess 
Memmeoriity or the controller tor loading the cole start 
loader (tne command pvacxet specities tne numcer of words 
to be transrerred). If the overating system were to te 
mmo trom a diskette, the bootstran operation would ce 
femeye much like tnat described tor tne iSEC 2¢1l. For a 
femeeme | Oad from the gard disx tne dootstrap program could 
memo the Operating Systen without tne use of a cold Start 
meer. «6 His would only require two disk accesses, oné€ to 


Mepeermine the joad location and the other to actually loed 





iia RE ON OF CP/M=86 


A. CHANGES REQVIRED TO IMPLEMENT CP/M—8E 

PEduSimriouted, Gr/M—-so is Set up for operation with an 
Inte! SBC 86/12 microcomputer and an Intel SEC 244 diskette 
Memeroller with a Shugart SA-8¢@¢2 tloopy disk drive. Since 
CP/M-86 is nodular, only tne BIOS neea n2 moditied tor non 
Standard hardware. Theo distribution version includes source 
Semen tor its BIOS and 2a seeletal EIOS to aid in tne 
Mmemstruction ofr a customized version. Altnougn the 
MmernryOution version does not provide 4 bootstrap ROM, tne 
moece code for the program iS provided. Tnis source cote 
Mmeovr1ded an example for tne creation ot a customized 
Geers thbap program. Tne bootstrap 30M iS available trom 
Digital Researcn. 

The cnanges required to customize the BIOS can be 
femme Into four types. Tne first consideration is tre 
conputer selected tor tne implementation. If an &8&6/8GER 
based computer otner than tne iSBC £6/12 were cnoscen, tne 
moter initialization, inciuding the constant definitions 
M@mmugants ports and character I/O routines such aS console 
mmo, CONSOLE Input and console output, nave to be cnanged 
tO match the host nardware. Since the iSBC &5/12 was used, 
MomeemanSeS were required in tnis portion of tne BIS. 


mecond, if the disx drive controller or otner DMA device is 
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mean isoBC 204, tne controller port definitions and tne 


femearnes which actually Ccommunicete witn tne controller must 


pe altered. Tne “execute and “sendcom routines were tne 
fee Or )6hTME|6Umodaitfication. Tnese routines cnéck system 
status, translate system commands tc the language of tne 
Soprolier, deliver the commands to the hardware and fandle 
any hardware errors. Tnird, if any otner serial cr parailel 
I/O device is to be used, the appropriate initialization and 
Seeecutlon routines must be written. Tne fourth consideration 
is the disk definition table which iS asSembled witr tne 
BIOS via an “include” statement. Disk parameter tecles must 
be created to describe the disk system. Disk parameter 
mores are discussed in the next section. In tnis version 
Moeye tne second and fourth types ot modifications were 
Meeeess>ary and tnose cnanges are reflected in Appendix A 
(Single density) and Appendix B (iounle density). Appendix D 


Memeoens the distrioution BIOS. After assembling tne 210%, 


cy 


the hexadecimal code, BIOS.HS6’, iS appended to CEM.ES 
and a command file is generated by tne metnod adaescrioec ir 
Hef. 6 uSine the GENCMD utility. Tne tile created is nared 


"CPM.SYS” and is tne operating system. 


Bee DISK PARAMETER TASLES 
The disk parameter table serves re derine the 
oreanization of the storage media for the BLOS file 


management functions. [ne disk derinition consists of tne 





sequence of statements in Figure 6 (aS Snown in Ret. 6). Tne 
DISKS statement defines the number of drives in the system, 
Mmmm being an integer tron i to 16. A series ot DISKDEF 
Statenents Ol HOW. bacn Slacerent defines tne 
Mm@eracteristics of a logical disk. @ throuen n-1. DISKTEY 
mertements ere formed as definec in Ret. S. The format is 


eeiown in Figure 7. 


DISKS n 
Dist os h Uieiiene 6 
DiS roo! ee lie 


Di Sepak ni 


EN DEY 


Pacirtewo mer tooe Dish Detinition File. 


moe dn,rsc,isc,{skf],blis,des,dir,cks,ors, [4] 


4 


wnere 
dn Pomp te Ost catwarisk Number, 9 to n-l 

nSC Pome meinoteouyotecal se-tor nurber (¢ or 1) 
isc toevee last seclor number 

skf 1s tne optional skew factor 

oS Poo tedayta sali ocation Pplock size 

dks omen eodlse Size In bis units 

ar metic GwoOt Altec tory entries 

Ss Porn cmaumper of checked directory entries 
ots Mobi eommmackOet Set Fo lorical track tx 

(o| is an opticnal 1.4 compatindility flag 


Fieure 7 DISKDEF Statement Format. 


The disk tables may be generated by hand or poy executing 


meemactNDEF utility program. Tne tabie provided with tne 





Bietribution version, cailed SINGLES.LIB’, was generated 
fron tne source file SINGLES.DEPF ocy tne GENDEF utility 
mummins under CP/M-@@. Tnis table was correct for the single 
Mamet ty iinplementation. It was necessary to create a 1€w 
mepee fOr tne souble density system. This file is called 
See Gr, Table feneration is descriced trully in Section 6 
Saeererf. 5S. The disk parameter taoles are listed in tne BIOS 
rignt after the include statement (see Appendices A and 


B). 


feeec OLD START 
imo ne Cold Start Loader 

Since CP/M-86 is too large to fit in tne rirst two 
Moveten) tracks of a diskette, it is lodied into memory in 
Memes. DS. First, 4a cold start loader is loaded frem the 
Mmimmet tWO tracks into memory. Next tne loader tloéas the 
Seapine system and transters control to 1t. Tne loader 
(“LOADER.CMD") is a simplitied version of CP/M-c6 witn 
enougn power to locate the operating system tite CPM.SYS” 
memmemeeeecUrrent disk, make tne proper initializations, ined 
meee into memory and tnen transter program control to it. 
Mummeerodder is created trom fiies LDCPM, IDBDOS and tne 
meemaer version of the BIOS. The leader #FI0S is generated 
Beome the san€ source code as the BI0S oby setting tne 


software Switcn  LCADER BIOS” equal to true orior to 


assembly. 





Miemucaaer Droesram 1S Moved to the first two tracks or a 
Mueeeette Dy tne LDCOPY utility it rumanine on a workine 
CP/M-86 system. If develovement is done on a CP/M-8¢ system 
memes Can be accomplished with tne DDT and SYSGEN utilities. 
memo Errs in Pts discription of tne latter procedure. The 
Mmemerest procedure is described in the next cnapter. 

mee ne Bootstrap ROM 

Mimeeorieomen tO cet the cold Start loader into memory, 
Semeeemst DE a Dootstrap loader of some kind. This boot 
moeter must initialize the programmable chips on the single 
Mare CONPULTEYr and tne disk drive controller wnicn will 
mmeesos «€6CtNe )6COmperatine)6System disk. It then loads the first 
mummnaicerc Of THE diskette in tne systén disk drive into 
Memory and then transters control to tne program loaded, 
“LOADER.CMD . Tne bootstrap program is normally resident ia 
mecead «Only memory (20M) or electrically programmable ROM 
(EPROM) and is tnen referenced to 4s tne boot FOM. 

feces treoltiom version of CP/YM=86 also contains 
M@eeeiistirne for 2 bootstrap ROM (R80M.A86). Tne boot ROM 
Meeer?t iS available trom Digital reSearcn. ‘Ynen installed, 
MmmeoecomeS part of tre 8486 address space. Upon system 


> 


Ww 


Meer, the processor Defins execution at erfrective addre 
MeereoveH, which is tne top paragrapn ot tne 188C 86/12 SPROM 
Space. The bootstrap program is nardware dependent which 
Memeooltateédi the creation of a customized initial loaaer for 


bois inplenentation. 


p> 
cM 





Pine merous owes Execution Venicle Monitor (VY) 


Bs 
J 


tod 


Becuvies tne EPROM locations wnen installed in tne i€ 
nememccml1sS  Currentiy in use at tne Naval Posctaraduete 
memool. In orier to retain the use of? the iS#f#C SET ania to 
Memes y «€©6LL MPL SMENtatlon, tne customized beotstrapn proeram 


nas heen embpedied ina rree Of uetn eo PP deinc SPROV 52). F Si ace 


Ud 


re 
~~ we 


je) 


Semovor ifitielizes the single board computer when it is 
memmtred, tne CP/4M-&5 bootstrap tasx is simplified. The 
Memeatcap program listing is in Appendix C. It is € nodified 


fersion of tne "debuz” version of Digital 2esearcn’ ao 


Ww 


meme «Le | 6©mMOdIfLeS «€©6ScOooOtStrap6pproegream is located eat 
Beeeective aidress @FFD4@F. It nay be executed from the fV™ 


Deeexecutinge tne command GHFD4:¢@ or 1ts @qulvalent. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


See DAPTATION DIFFICULTY 
Peditication ot CP/M-Eo {is a straienttorward simple 


Seocedure if one is familiar with CP/“ on a yvstem~ 


tn 
" 


software lev2?l and with at least some representative 
nardware, yf one do&s not Nave syucn & tacxefround (rne dsyutnor 


did not), the tasx iS 20t overwnelminzg, but consideradly 


Meememeecicticult. Tne novice will protetciy invest nucn tine 
and effort in investigating dead ends pecause ofr not 
Mmeeerstandine tne logical deslgn of tne operating system. a 
Seeyicularly vexine problem entountered in the Pies t 
Mma tion was that in tne later stages of developmert, 
every error in the corrected sottware seemed to destroy the 
mmreati on On the diskette, Nakine decuggine dificult ane 
requiring frequent reseneration ot sottware. During tnis 
period otf aestructive testing approximately 9¢% of tne 
tine and effort were spent on sucn overnecad and only 1% on 
momma «=8Gaebugsineg.,. Tne real proolem tnere was not tne tine 
meeeout the interruption in tne train of tnougnt. 
Paemmentation inadequacies are anotner Source of 
problens. Tne alteration guide for CP/M-&S orevidea py 
Digital Researcn (Ret. 6) assumed a tnorougn sxnowleage or 
ei soe, which was not possessed oy tne autnor. Tne CF/M%-E2 


Gocumentation also seened t9 assume a tnorouen Knowlecee ar 





the operatine systems modules. In addition, tnere were 
meteagin errors in tee alte€ration guide. 

mee procedure for moving tne cole start toacer to tracas 
Mmmeoeand one under CP/¥-E2Z is incorrect éna if tolicwed tne 
meet S22 bytes of the program will De Lost. A correct 
MeemeeouTe 15 tO load tne cold stert toad@r witn OLT, move 


n moses O Clatboelt STArts 32% 94CH, exit DDT and trinally 


{D 
'D 


ct 


Memmecne ofccEN utility. A correct se@yuence of commenas 
meoxs like this: 
DOT LCaADS:. cv) 
N110@ ,16¢48,19¢0 
na@é,11¢72 ,122¢ 
Weee at o.CV’ 
N1G0,40¥ ,Y“o 
C<CONTROL-C> 
SYSGEN 
SG 
iE 


<CR> 


The documentation Yor tne 8WES assemplers, ASMe6.COY. 


and ASY“86.CMD also contains errors. According to tne 


Meer s manual, {Ref. 2], the device switch for tne Listing 


device is PP . Tne correct switcn is “Y. 


The tecnnical manuals providec witn tne aisk arives ane 


Semcrollers used ratrner ambiguous and Nom, SS taendard:.2-d 


+f 
UD 





Merns. INM1s often required experimentation to deéeternine wnat 
was really mneant. 
Resolution or the above ditticulties, nowever, was a 


meod learning 2xperience for tne autnor. 


Peer ECOMMENDATIONS FOR FUTURE FARD DISK ADDITION 
ie SCusSsion 

Mawoleierneresare several metnois of accomrplishine 
meme yo, LMA seems tO be the simplest to inplenent and 
merous. A future hard disk addition would egreatly enhance 
CP/M-86"°s usefuiness. In tn1is vein, a nard aisk/tloppy disk 
combination would be ideal. The combination ofr hard and 
meermpy disks would provide tne spe€d anda storage capacity on 
one hand (from the nard 4isz) and tne ability for the user 
memmzeey copies of his tiles where he is assuret of their 
Peter aby and integrity. However, inclusion of tne iSEC 2¢1 
mumeecon 15 20t recommended. The limited addressing capability 
of these COM Gr Orla a would Rincer gveralil system 
Beceectiveness and force tne processor t9 operate in tne 
merry O46 OF the acddness space. As 4&4 rule ot thnumo, if more 
mean One device is to he aided to the DdDasic System, only one 
Merrrce should pe adae@d at a tine. 

2. Template tor Adaptation 

Pai Meoicpeemicdnemals@ iis tO be installed in place 

meme disxette system, the following procedure snculd be 


followed: 





meanovyeee ide mor7%—--6 EIOS snould be studied on 
Meme tl On Wita tn current aardware® to see Now tne 
Memeeerrace is currently accomplisrced. Tne system modifier 
Seeeeunaerstand now tne opé€rating system intéErects witna 
Hardware pefore creating his own interface. Second, the 
Penman awdre ,et C2 “Studied. Tne electronics ere not 
mapoertant, but what the hardware dces logically and 10w it 
Somnmunicates wont ae Comerol Ler 1s Da ramon t. lt 
memerr cular, tn2> organizaticn of data on a disk drive must he 
mereroueniy understood. Ir the organization of data is 
selectable, the most efficient and straigntforward 
meeanization must be chosen. [f it is not Selectable ani not 
feerectly compatiole witn the BDOS, a “olocking/aeblocking. 
Or some other scheme must be consiiered. Third, a dis« 
feeaenition must be written t9 reflect the ie lca t 
Meeanization of the disk. If the logical organization or 
Memeeaoes 105 Natch its pnysical organization, tne executing 
mompene in the BIOS would nave to Make the translation. Fer 
meee e, in a multi nead disk system, the tracks woulc nave 
to be numbered in tne disk aefinition as tnough tney were on 
tne sane platter (logical org.), tne BOS would <select 4 
sector and a logical’ track for I/0, but before sending tne 
Channel command tne BIOS would nave translate tnat logical 
meer number to da head and track combination. Fourtn, a 
Pemplate for the channel command sroulad be odlaced in tre 


BIOS with appropriate variable names to allow the ETOS to 


0) 4) 





Mmeegae a5 Nucd information airectly as possible. Fifth, 
write tne ‘execute routine. Tnis rovtine, tne ovlk of tne 
coding, must complete the channel command, prepare the disk 
more access, send the activating command, check completion 
Status and aanil® nardware errors. This step requires a sgocd 
knowledge of the target disk system and iS verv much 
dependent on the disk chosen. Sixtn, once tne revised BIOS 
is written, it must be assembled (in the loader version toc, 
maeerooting from a floppy disk). The files CPM.HS6 , 
“BIOS.H86° and PAT2Z.HE6 are combined into “CPMX.HE6°. This 
resulting file is converted to executable form by executing 
the command GENCMD CPMK s¢eg¢{44¢!° as described in Ret. §&. 
The resulting file is then renamed CPM.SYS . 

iMmlemsvOOuUStras prosram will te very Simple. It can te 
Meee n 6fO 6 EXplicitly read the first sector of tne disk, to 
Mmemermine the loading target address, and to read tne 
following 76 (128 o»byte) sectors. Once tae BIOS nas deen 


Meer read, the bootstrap progran will od€ almost 4 trivial 


Bepset of tiat code. 


ou 





APPENDIZ A 


Ta ole “Customizei basic I/O System’ 


BE HS AG HEHE AK AE IS SE HK TK HK AS HS HE NS AE EI I A AC HE AC OE AE AR IS OE AE OK OK OK OK AT OK XE 3S 


i 


% 
i 
3 


26 


} 

) 

;* This Customized EIOS adapts CP/M-#6 to x 
meomene following nardwaére conriguration * 
a Preoecessor: iSBC &612 f 
, tomesoller: isEC 2¢1 6 
ee Metory model: &d8¥ x 
io sé 
= Peoeramnmer: “%.B. Caddalor x 
a Penis ONS xe 
ie =e 
5 MERE AE AG AK AE AS AE AR A AK AE A AR AR AG A A OG AK AR OG RAK AR AK AS OK AR A OG A AE OK AR AR OE OK OK OR EE OK 


S¢ 
% 
¢ 
‘ 


% 
5 


iru e SO = 

faise equ not true 

er equ @dh ;carriage returna 

af cipimcans +line teed 

Meeeretries Suey tor disk i/o, betore pern error 
5 FR PR AE AE AE AS AER AE HK OK A AK RAK 2 OK A A AK OC OR SE RAK AC A AR AK AG AS AE RC A OK OR OE OR OE OK OF 
_o 3% 
memuoader bios is true if assembling tne = 
memebOADER BICS, otherwise BIOS is tror tns = 
Maer. clo tile. ** 
’ 

; 


ME AK HE KE AS RAK A RS ES AS IK SS AK AK OK OE OK AR AE AK AE A OK OK KAS OK KOK BS OK KK 2 HS OK AS IK OS EOE 


LUADER_ BIOS EOQU TRUE 

odos_ int Siuecare yheservegs .DOS imterrupt 
cP nOVmodde fil] os 

’ ae OD at ee ee es me ee es ee ee ee ee Ow ew ew we OO Oe SS ee Sw we wwe eS ee Se = 

e | { 

ae 

Beers Code egu 2o¢0n 

Bemeo:fSset equ @dden 

pes Ost aqu ¢B¥én ;BDOS entry voint 

- | 


9 | | 


ENDIF snot Loader_bios 


ee foader_bios 
; cme RS ED em ee ps ee ee ee ee ee ee re ee ee ee ee ee ee ee ee we ce ew ee ww ee we we ee we ee = 
- | I 
y | | 
Glos_code CGumecOUAes start of LDBIOS 
Sep Oorfset equ U@USn 3; base of CFMLOADER 
Ddos ost equ ¢426n ;stripped BDOS entry 


@)) 
0 





BENTIF »;loader_bdios 


csts equ ¢1an jieeol Status port 
ciata eau @d&n ; data 

; 

; 

5 REAR IR AK A EO AK BK AR ARG AR IR IR OG A AK KAR AE AK AR AE AK A AS IE AK AR OR OS OF BOR AS AR 2 7K OR 2K AE 
5% 8 
fom lL tokC 221 Disk Controller Ports s 
7 xs 
) 


3! 


BEAK HE IK HES AK HE BE BK AE IK IK SKI AK AK AT IK NE IE IK SK AR AK HS AK HE HT AK AL 9K 9S HS AS ALI AS IE IK 9,5 HE IK AS IK 


base equ G72n 
fay pe egu ase >] 
royte equ baseté 
reset equ base+? 
eva t equ base 
ilow equ basetl 
aa en equ pasere 

cseg 

org GCVOnr se t 
ScD: 

ore Eos coue 
Bo OR AR AS AS ME AK GS AR HR AS AS HE HS AS AS HS HS AT AS AR AS FE AE AK FS AE AE AS AE AS SAS AS AE AS IE AR SS 3K 35 4555 AS 3K 


w+ 
ti 


memomvuunp V2@ctor for Individuel Routines * 


ae 


a 
a 


FE HS IE IE I AK AE IK BK HK AK HK AK BK BR RK IK AK OE AR AS AK AS HE HE RAK OK ARIK AEE ER AES RK OK OR KK 


?e S®6¢ we We We 


juno INIT Pieter onesouL ROM Or LOADER 
jno WBOOT enve Mere trom £VCS call ¥ 
mop CONST Prerunnocomsol]e Keyboard status 
jnp CONIN »sreturn console “eyboara char 
jmo CONOUT swrite® char to consols device 
fore LISTOUT (mney -peMemdeber LO list device 
jmp PUNCH swrite cnaracter to punca device 
jnp READER sreturn char trom reader devices 
jnp HOME move To reece on cur sel drive 
amp ot LDS’ sselect disk for next rd/write 
fap SETTRE ;set track tor next rd/write 

im SETSEC ;set sector for next rda/write 
jnp SETDMA sset offset for user cur? (DMA) 
jnp xEAD s;read a 1¢c@8 byte sector 

foo WRITE swrite a@ 128 byte sector 

moo LISTst pee CUE Gees t Status 





@e Sex SS We we WE 


jmp SSCTRAN pettnemugeicalm~>urysical sector 


mio SETDMAR ;SEt see nase for out! (DMa) 

ynp GETSEGT sTeLUT ON reriset or Mem Desc Tadle 
jup GETICEF smeturn 1/0 man byte (LOSYTE) 
map SETIOLF ;set 1/O nap byte (LOBYTE) 

BAAS AK 2S BS HE ASS HE AS SS AE AS SAS AS AS BE AS YS 3S SSS AT AS AS AS AS OE AE EK 3,5 2,5 4,5 AS OS 28 AS AS 8 OS 4 38 

x a 


on 


+ 


Mere entry Point, vitrers tor LDHEIOS and 
fuego, accorcing to Loader Bios value 


a 


eae 
2 
. a 


x * 

EAE BR BK AE HK AS AE AT TE AS FS IS AS ART 3 OS EO SS AS OS TR OS AS OR OS OS OS OS EE AS ES OS OE OR AE OS OE OS 

vert : ;print signon message and initialize nardwares 
Mow eX. CS veermenbered@ with a oMPr So vse 
MOV SS,ax i weaSmpenwinitkal value of So&:, 
MOV CS,ax Wot 3, 
Mov €S,axr Tana = 


we we “we 


muse socal stack during 22itlealization 
Tiewees Vis Olt Set Stkbase 
eld 1S ot fOr Wand d) rection 


LF not loader_bd10s 


meeeels 1Sirc BOS Tor ths OCPM.SYS file. 
gece toa lil interrupt vectors in low 
meuemory to aediress trap 


musa 2S Poses emo Te215 Ter 
mov IJOBYTE,¢ peleer LOEFYTSE 

mov ax,’ 

mov 4$,aXx 

mov es,ar 7Set so rena Lo. to zero 


meee D INTennUp yc sto address trap routine 
fev miuewe Or rTset,orrsSet int trap 
MoveLintY seements.CS 


mov di,¢ 
Ov “Siew ,;tnen provarvate 
mov Cx,OLY PLEAD. VeCLOr 9 


Meommovs dxX,ax sall 255 interrupts 
mobos OL! Set CO proper interrupt 

Mey DGOS "OMT SET , D@OS OTSt 

Pop ds ereStomertac DS resister 
(additional CP/M-€6 initialization) 


ENDIF Wot Loadelreemos 


Jie loader _blos 
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teers jnp ccpts 


¢ @=@e we 


@.e Se WE we Ws We ww 


sess a SIlUS tor the LOADER 


push das 9Save data segment 
NOV ax,2 
move 0S4ax *pOlNTt to sesment zerc 


*;2D0S interrupt orrset 
NOV mOnOs Orr Sel, 0d05..05S 1% 


mov odos_segment,CS ;o0cos interrupt sesmert 


(additional LOADER initialization) 
Bop cs Meese e eee te SefMent 
| 


mov bx,orfset signon 


Gell pnse sprint slenon message 
mov cl,” Toecusastemcomar 2. O42 COldstart 
io. Cccp Ae TONecOld Startecatry of GCP 


Weeeoctee Tyre bo COP at 


ele not loader_bios 
| f 
| | 
eee > rap: 

feel Te voca yaherrupLsS 

ho ck cS 

mov aS,avt fet our data serrent 

ioy Oe, Offset Int _trp 

call pmsez 

Oy snardstop 
| 

SND: snot ilceder_bi1os 
FE AR AK SK HK AR AE AE AS IK OS AK AE AS RE OK SKS AS AK HES FR HK AE SS AK KS HAR AS AS RS KR OK OR OR 3S OK OK OK 
xs 38 
af Mey Character [/0 Interface Routines ty 


4 


as 
a 


momecole is USART (182514) on iSHC 2612 * 
at ports DE/DA rs 


HE AE A HE IK FS HK AK AS HS AS FR AE IK AS BE AE YS AS IK FS ES AS AK KS IK AE AE ROS A AK RAK OR ORR AS OK OR AS HE 


BONST: FeOnSO Le Status 


mo al,csts 

ad al,2z 

const ret 

Ory 3 295 ;return non-zero if raa 


@enst ret: 


ret srcvr data ava@ilaole 


2) 


Comuend “lever 





CONIN: peoasole input 


call CONST 
WZ COUNLN oid se On RDA 
ina fb, Cda ta 
and al,’?fn »;read data S&S remove parity pit 
mea 
SOVOUT: meonsole OUTpUT 
Poe a, cSts 
and al,l Tete comsoue. STatis 
jz CONOUT 
mowed! , cl 
Out eecatd,a i Por atcm iste Poetute er 15 ECrplty 
ret PpUNel-TeTturn cats 
Pear OUT : plist device output 
(eon 4 NOLementec 
ea 
mst. : poor’ Tse. Status 
One phe nen Led 
rey 
PUNCE: pwrite puncR device 
Toone np lemme nated 
READER: 
mov al,lan moeturn C01 rO0r now 
me 
mer LOSr: 
mov ALY sLOBYTE NOT IMPLEMENTED 
mot 
Pr lo3al: 
ret slopyte not implemented 


’ 
’ 


Routine to 272®t and ecno a console cheracter 
amd Seift it to upper case 


me OOecnoO: 


Galil CONIN H2oumomecOnsOLe Character 
pusa ax 

mov cl,al ;save and 

eal! GCONOUT 

pop aX ; ;2cno to corsole 

cmp al, “a 

jo uret ;less tnan “a’ is ox 
exipedi. z- 

ja uret j2neatverethan z 15 o 


536 





3 


@¢ “we WO we WS 
a oR tt 


SELDSK: 
ndis«s 


mecurn : 


ry 
© 
—s 
ts 


ee. RK: 


Pero kc: 


SO CIRAN: 


? 4 a 


Swoeal, a —‘aA 
mel 


mov al, (Bx | 
test al,al 
ieee turn 
mov CL,AL 
cali CONOUT 
Wee: She. 

HS eu.Ss 


Disx Input/Output Routines 


sSelect disk #iven 


jeasce Saitt to Caps 
nao tere ebnCt drt hom Ness dae 
FEt Zero return 

yor ent lt 


yOSTL Character and loon 


IK BK BS HS NE AK AK AK HE RE IK AK OE ASK OK AS OK AK AE NE AK OK EK OS OR SR AE OE OK OR OK OK AKO 38 OK OK 28 


Ht 4 


SOS HE HS HS HE AK HK HE AS RE ST AE 3S LHS AK SDK OK AE HE HS OE AE 9K IS HT EE HE AE AT NC HE OS 3S OS NE AK OS AS OK OK 


Dyeenesister CL 


equ Peapnumoer of diszs (up to 15) 
mov aisk,cl save dis« number 

mov ox, eben pel ady Or verroresret urn 
emp cl,nadisks sn beyond max adisKks? 
jnbd return Feeturn if 'so 

mov ch,@ sdoudle(n) 

mov ox, Cx ,OxX =a 

mov cl,4 ready £oO5° "10 

sal oOx.cl ja = oO -* 16 

Mow sch, 01fSet ipbase 

ea 9 OX 5 CX yapdase + n * 16 

ae | »OX = .dpn 

smove selected disk to nome position (Track 4) 


mov 10 com,homcom 


mov Crk .2 
Call execute 
met 


,S@T track address given by 


mov trk,CL 
ret 


,SET Sector number given by 


move Sect,CL 
ret 


moureans bate Sector CX usine 


Mov 
MOV 
add 
NOV 


cn, @ 
Oh 4 ep. 
0x ,adx 
Bee ox | 


CL 


Ci 


Ean sar UX | 


HaG@emiSeCLor to tran table eidress 
;2etT Logical sector 


7 





rel 


Meryem aA: 3set DMA ortset given by Cz 
mov ama adr,CxX 
rey 


mere ab: ;s@t DMA segment elven by Cx 
mov dma_seg,CXx 
ae 


; 

MeeeoeGis ;return adaress of pnysical menory taole 
piper, 1 Set See table 
ret 


% 
K 
% 
3 
t 
3 


SAS HE BS HS HEE AK ASH HE AE OG AK I HE HK TK BE RE HE AS BK THES HES ON HE FS HK OK AE AS TRAC RENE HE 


’ 
; 3 3 
mont) disk I/O parameters are setup: 8 
5 DISK is disk nuncer (SELISK) * 
38 TRE is track number (eee kK j= 
is Sac T 15 sector numcer Suse). = 
a PyeeeDR eis toe DMA 1sb offset ** 
;>* READ reads the selécted sector to tne DMA* 
memecdaress, and WRITE writes tne data from * 
memetuse LMA acdress to tne selected sector =< 
WSR HEHEHE RD EH TEE HAR ARN RE 
RAD: 

mov cl,¢ 

mov al.disk PeOnOlLMe disk SCLeCtion 

Sale al, cl Pvt h  OpCcoc= 

or al,rdcoie 

mov 10_Com,al 7 Cer Clcsrib lO) 1c 

Mugs Execute 
ates 


moy cl.¢ 

mov al,adisx 

Sai ai,cl 

Or eat,wroode HOGEALe 1000 tOr Write 
mov 10 .com,d i 


pees CUTE: 


Meer retry: 
Hover t ny sCny max reptrieés 


metry: 
eho ye pS 1Omear ssontrolier 
Pres roy Te ; 
call sendcom 


5c 





mee : teddy co lat iw sor completion 
and al,4 pgece, 
2 ale 


Siece 120. COmaletior ox 
ma der CY pe 


| 


; G6 unlinked 1/o complete Zl lineec 1/0 comp 
iewdise® Status changed 11 (not used) 
’ mech ve 2 OY in el 

Pes Gece, yo PReaayeStatus chanueesy 

JNZ WREADY 

OR AL,Y 

Pez werror (CnewOlvnat SIrTosy. ret rv 


eaeet i/o Srror bits 

isa, Cy te 

melyal, 1 

mov err _code,@dgn 

oew cead y init nob. read 
met wal, i 

MOVE Herr code ,3 1 

end dal,¢ren jaey Over Errors’: 
weg werror 


= @ 


~~“) e@ “*0e 


meaeeor Write 1S OK, al contains Vv 
ret 


Mercy. »not ready, treat as an error for now 
in al,rbdyte Merear result cyte 
ips urycount 


Mememor:s :;Tr@®tTurn rardwere maltunction 
meycount: 


mec rtry Cnt 
jnz retry 
MOeedi,err code 


mov an,’ 
MOV 0OX,ax Miao “Oreo. “code 16 Cit s 
mov ox,errtbl{EX] 


Sat pss oleae poEo priate message 

me al,cdata sflusn usart receiver burfer 

Seil Uconecnho sread upper case console character 
cmp al, “C’ 


weew boot. 1 peame eo! 

emp al, “2° 

Pm ONICe mee cry yretry 1% more times 

emecal, f 

me. 2 ret ;lenore error 

ane ai,255 Poemeceemor DETManent Error 


Meret: ret 


=o 





WoOOOT 1: ;can’t maxe it w/ a snort leap 
jnp w8o0oT 


RE SBE HK HS A HEE AS RS OK IS AS KK TKS RO OR AS OS SK OK OK AES OK AS AS AE OK AK AS AS AE FS EE OS HK A 3 OE 


es 
ra 


pemacomn sends the address of the lovd to io 
mre {5opnG 221 


2% 


% oH 4 


“®@e we we “@e we we 
‘ 
a 


BORE AS AE aR EE ASK IK ARGS ASAT AR BRAK 9 OK BK AE AE AS AC AT AE BE AT AS AEG BS AR OK BS FR ACA AS OS AS BE AS AS AS TAT AE AS AS 


sendcom: 


MOV CL,4 
MOY AX,UMA SES 
ea Ch 


ALD AX,DMA_ADR 

mov LO TADR AX 

MOV CL, ¢ 

MOV AX,CS 

SPA Ak 6 GL 

ADD AX,OFFSHET CRANCMD ;sADD SEG & OFFSET FOR 2¢1 
out ilow,al 

mov Cl. 

mar. aks CL 

eno 2a 4 L 


ret 
yA AE 2 5 AK OS TE AR HE HK HE AK BE NE BS AK OE TS OK AK A OE OS AE EE AE AS AE BE AE OE AE IE AR OK OK EE OK OK 
iG 
a Data Areas = 
13 < 
Bt = > AAS AS FE AS AE AE EAE AS AS AE AR AS AS AE A AS BS A AE RE AK AES IEE AL AS TA AS TR FE OEE AT 3 
data ofrset equ otrset $ 

dseg 

ons ap dao wis > t eC MieesweuS iw ib COCe Seement 
meer e dob g 
disk ab ¢ sa41SK nunoer 
eeancnd db Pgh ;i1Opd Cnannel wora 
momecom db g 
nsec abd 1 ;uuloer seclvors to xfer 
trKk ado 0 
Sec t db ¢ Iocan. Sector 
IQ ADR DW QYULOE Te one OR SECeLY1 USS 
dna_adr dw COREn ;DMA adr (detault; 
ama_see dw ¢ »DMA Base Segment 


40M COM SQN 3 
PGOPS E8QU 4 


CC 





ERR CODE DE ge@e 
YWROODS EOU 5 


1S POader Dios 
’ ace cee SN a GED ND GY EE GD ED SEY cD GEE ED sm ee cy ED ee ee ce ee ee ee ee ee em a ow oe oe ee ee oe 
e | I 
» I t 
Signon db Ste gc T sy et 

des eyo Versione is? yor, lis? 
| | 
’ eee 

Nae >loader 6195 

ee not loader _bios 
; <= a> GD ED OD GD GD a eee ee we ee ee Ge ow oe 8 on om > es oe oe ow ee = ow Gm om om oe = om oe oe = 
e | t 
yt { 
eeeenon db Cerro C Lug t 

db “System Generated ¢4/28/21 

db Ce ie 


WNDIF WiOtmEOdderl01oS 


fr trp db oie, lt 
do Clntertupt Trap falt - 
a yg lio 


Smepol dw erd,erl,er2d,ers 
wee Te, cro ,ero,er7 
dw ers,er9,eraA,er3 
dw erC,erD,erh,erf 
dw 2rld,2erecy¥,er4éd ergy 


erg goecos lc. Nui Error ??°,¢ 

erl db cr,lt., Deleted Record :°.¢ 
er2 momecr. it, CRC Srror : ,@? 

er3 Mowecrsit. Pata Overrun-Undorrun : ,¢ 
era Gipeecrei:., Seek Error : .¢ 

ers Guu erd 

ers equ erg 

ar 7 ga er? 

arg Moe r. it. Address Brror :°.¢ 
er9 db cr,lt, Write Protect :°,¥¢ 
era [omer it. 1D CRC Srror :°.¢ 

erg saopeecr, ir, Write Srror :° ,@ 

erc Momeer, if. cector Not Found :°,¢ 
eT D equ erd 

ers db cr,1f,°No Address Marx :°,2 
err dp cr,lt,’ Data Mark Error :’,¢ 
eri GBqu ers 

ered eyu erg 

ered equ erB 


So 





erk?d Gow Crs 


mony Cnt ab © 
; System 


segtable db l 


dw tpa_ 
we tps 


ine iudS 


moe stk rw 2 


it, Drive Not Ready :’%,¢ 

Ho Seeer Tor retry counter 
Memory Segment Table 

,1 segnents 
seg PEStese2 Starts atter BI0S 
oy Pama CeLends to ceuv? 

Stele seueno 3;TreGad in @€isk definitions 


 hOCetestack f£OPr Ihitializetiocn 


stkbase euu offset $ 


meorort equ offset $ 
tpa_see equ (lastoff+4440n+i5) / 16 
moe len equ OFOCnh —- tpa seg 


db @ 


sfill last address tor GENCMD 


3S HEIN YS HSS HE SS A AE HE A HE HE AS OK OS ES SK OE OK IE NE OK SK OE SKK EK OK AK AEE HS IK HK HEE HE HE 9K 


HH 3! 


Dummy Data Section ae 


~e 


~- 


~“2 


* 


FEI FR AS HK 2S ASK HS AS 3K SAK IK BS AS IK HS AS HE SS BK AS TS OS EA FES OS aS AE SS A SA OS AS HE 3 SAS AS OS 


dseeg g sabdsolute low memory 
ore g ;(interrupt vectors) 
moGe Offset rw 1 
mono Seement rw 1 
; mae tO system call vector 


Tw 
bdos oftset 


bdos seement 
END 


merry Cnt db @ 


eS oendosatiy—! ) 


rw ab 
rw iH 


radom error retry counter 





APPENDIX EF 


Ge) lee “Customized Basic 1/0 System’ 


enrae & 


BRAK HE HS HS AS AE IA HE HE 5S HS 5S 3 HS FS OK 3S AS AE AS AT AS AS AS AS AS AS AE FS AE AK AS AS SR OS FS 38 AS AE AS SE 


a 


§ REAR AR AE AE AE AR AK HE A HE FE AE ARR OR RC AE AE RC A AE AK AE AK OK A AK OE AE BE A OE AK OE EOE OKO OE AK 2H AK OK OK 
a xe 
Meme nis Customized SI0S adapts CP/M-&6 to a 
s* the following hardware configuration = 
io Pemeree ssOr: 1okC S612 = 
a Gor treoller: ifE&C 2g2 ac 
— Menory model: F&F? is 
_~ ad 
;* mrosramnmer: 4.2. Candalor as 
— Revisions : *6 
e 
tessa OS ac SS RA 20 Fee Oye NEE IK AK AE AE AEE EAC AE oak AE AE AE HS ATS AS AK OS OS EEA 2 
true au 1 

false Scie tl ebrue 

er equ @4n ;carriage return 

ey equ Cah ;line freed 

Maa retries Pee ytOr G€isk 1/0, betore 
§ MRF SE AS AE AE HE OS AE AS HE ASAE 2S AEA HE BS AE I OK EAS AS OS RE AS AR AS AR AS AS AS A aE AR AK AE AE OS AS EE OE 
s°* - 
mamoader bios is true it assembling tne i 
;* LOADER BIOS, otnerwise BIOS is tor tne 7 
Meme 1. SYS file. * 
,* ba 
; 


LUADER BIOS £QU TRUS 
odos_ int equine comeeneserved BDOSmiaterru 
IF DO@ loaders Dios 
’ ae SP ae on oe ae a oe oD ee ne ee ae aes oe Oe oe ee oe ne ee a oe a nn we we eee es ee we oe oe 
e | I 
a | t 
bios code equ 25¢0n 
eeunottset equ Od¢@Un 
bdos_ofst eyu O8¢6n ;BLOS entry point 
| | 
; oe on oe on oe eee Oe oe ee Oe oe Oe eee oe oe oe ee oe oe on ee oe oe ee oe oe oe oe ee oe oe ee ee oe oe a oe 
ENDIF smot foader bios 
Oy ead =r mbm s 
; ee ee ee we ee ee ee ee oe ee oe oe ee oe oe oe a ee oe Oe ee oe ee we ne we we oe we we we ow oe = oe 
a | 
0910S code Sdtmelcveteystart of LDBIOS 
meme orfset Cequ 8dd3n sbase of CPMLOADER 
Baes ofst equ #@4¢6n ;stTrinped BDOS entry 


; 63 


perm 


pt 


error 





ENDIF »loaaer_bdios 


20S equ ¢dan Pee ole ocd toons 
cdata equ @d8n ; data 


Bh FR HS OK TS AK AS RRS HE HS AK IK BK NSS AE OK HS HS AK AK SE AS AK ROK SE AS ENE OK HS OF AK OK SI OK 2 SAR 


we 
> 


se we We ee We we We 
at 
ae 


ee io tkC 2ée2 Disk Controller Ports ef: 
x A 
BEAT HS 36 FS HE AS AR AE AS AE AS AS SR ASAT 3S SS AE FS FS HS AS AS SS 3S BS AS AS AS AK AS 38 AS AS OS FS OR AE AS 3S AS AE AS SE 
base equ ae 20 
rtype equ base-+1 
royte equ basets 
mos et equ Bose 
ao tat equ pase 
ilow equ dpaserl 
moi en equ baset+d 
cseg 
ore SC DOs a. 
Sep: 
org Uloss code 


BS AK SK HS OK FS AEE ES AO AS EE RS OE EE KC EE OR OK RR RK EK OK OK SOK OK OK EK AK OK 


g 

; ~*~ 
meer os Jump Vector for [ndiviaual Routines * 
- rf 

§ TRAE MS BEE TR RS AR AR FR AK FR IR AR SER OE RAR KK OK AE SE SAK EE OK OE PKS OE OK AS IE OE OE I 3K AR AE HE 
mop INIT sEnter from BOOT ROM or LOADER 
aap wEOOT Piumeweer=e trom BPOS call ¢ 
aap CONST ;return console xeyboard status 
jmp CONIN sreturn console Keyboard char 
moo CONOUT iii Lomo wure TOmconSOLe Aevyice 
mao LISTOUT swrit©e cnaracter to list device 
moo PUNCH pwrit= Character to punch device 
jnp READER Pee Guriecnareron redder device 
jnp HOME smove to trx €@ on cur sel darive 
jmp SELDSK (Semectewone £05 Next ri/write 
jnp SETTERK Puc monace TOr next rd /write 
Pip SETSEC ;set sector for next rd/write 
fp oSTDMA ;set offset for user ourt (DMA) 
Wmp ABAD ;read a 12 byte sector 

yao WRITE swrite? a 128 byte sector 

feo LISTStT ;return list status 


64 





“Se we “SOG we We we 


imp SSCTRAN sxlate logical->pnysical sector 


jnp SETDMAB ;5et seg base for outt (DMA) 

fap GETS SoT Hoetuanmerenset of fem Tesc Tatle 
jnp GETIOBF pre vino oemay “oyte (LOSYTE) 
jmp SETIOEF sset 1/0 map byte (IOBYTE) 


BER SS 2S HS HE IK BH IK FS SE AS AT HS SIS HS MS TS IK AS HS HS HE 3S HS IK HS TSS OES OS HS SE OK OS SO OK ORAS OS 
Reeeeentry Point, Ditters tor LDEIOS and * 
meer GccOrding to Loager 8ios vaius = 


2. 
~—> 


wae 
a8 


Ho 


ve 
48 


BR NR 9S SF HE IS EG HE A AK EGE OS AS OS BE AR ES A AK NE FE RSE OK OE AK A OK BE OK OK OK OR OK OE OK AS OS 


3 


mit: momiat Slendon Message and initialize nardware 
mov axr,cs swe entered with a JMPF so use 
MOV S$S,4a4X fee: Cs une inno wal i vaine of Ssis 
mev cs ,ax Dechy 
mov eS,ax sand HS: 


we we 


mucsemrocal Stack during initialization 
mov Sp,o0ffset stxedase 
Grew Toc) LOnwane direction 


IF MOwenOdderT bids 


i 
Mies co Buse hor Ene CPM.SYS tile. 
Socuoeall interrupt vectors in low 
HemoGrbO 32d26ress trap 


“@« we we 


pusn ds Pscawe UlCw vo heli s Ler 


mov LOBYTE,¢ pelear LOBYTS 

mow dk. 2 

mov ds,ax 

mov ©S,ax 75et ES and DS to zero 


Bator Ieee nr pine tO address trap routine 
Rev smmete OLfset,orrset int trap 
mov int@ segment,Cs 


nov di,4 
mov $i,@ s;tnen propagate 
iow eX > OL’ Puna evec vor. TO 


mpmemovs aé,dk sali 256 Interrupts 
MeavOs Offset tO proper interrupt 

monveecdoS OftTSet,bdos_ofst 

pop ds pres mone tae DS rezister 


(additional CP/M-S5 initialization) 


ENDIF aot Loader oles 


IF loaaer_ bios 


oe 





(ees 1s a SLUS yor tne LOADER 


pusa) 2S ;save data segment 
MOV ax,’ 
Mowe as ,aXx PoOlne FO SCEMeRt Zero 


memes interrupt orfset 

Poweeeos Ot; Se, 0120S orst 

fowemodcos Sseement,Cs 470d05 interrupt seement 
; (additional LOADER initiaLization) 
pon 4s Pees tore da ta seementy 


ENDIF roads T £01 o's 


we ~weé 


move DX,O1tTSet slenon 


ea ypms2 ;Drint signon message 
mov cli,’ facta eyo dr ons. O71 COoOlcSTart 
ape CCD PilnomcOrcOla Stan t.eeurry ot CUP 
Meer: jmp ccp+6 pieereclecalry ehOn cor at command level 
ie not loader_pbios 
: Se See ee ee eee oo om ee SE ee Se Se ee Se Se SS ee ee SE Se Se Se 2S 2 oe 2 Se Se oS 
e | ! 
9 | { 
mor) Lrap: 
edit Polocw antler rup GS 
Hloveax. cs 
mov ds,ax ;2 


MewemOox,ort Set Int trp 
call pnse 
ek G ;nardstop 


ENDIF AOU Oad ere DInS 


BRAS SS 3S 34S AE BS ASS AS AE 3S 3S FS 353,535 AS 2k 3S 3S FS AS 2,5 AS 3S SS 2S AS 21S 28 38 38S 28 AS OS 38 3K AS AS AT OS 35 
x 3x 

n e nan) . -* 
< CP/M Snaracter I/0 Interrace Routines a 


" 
ae 
“a 


, 
g 
’ 
* 3s 
’ 
g 
’ 
a 
’ 


. memiscle is USART (182518) on iSsC £612 * 
se at. DOLT Sele DA e 
aS AR AS AS AS 38 ae AS AS AS AS Ar AP a> APP Fee Oe Ae Oh9 FR Fe BR TAS SR FR gs 3S OR AR AS AE AS BT ASS AS 3S AS AS FA SS 3,5 2,5 
meNS Ts sconsole status 

iia .CStS 

and al,e 

fremcona t ret 

Gea COD ;Petuna non-zero it raa 
const _ret: 

ret 7revr data availabdle 
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BoNIN: 


CONOUT: 


mol OUT : 
ee lot: 


PUNCEH: 


READER: 
Pe TLOBF: 


SE TLOEF: 


’ 
s 


peoonsol2 
eae CONST 
jz CONIN 
foeal,cdata 


ame, al, 7fn »read data & 


ret 
HeEONso Le Tout put 
Peeai,csts 
mode alg 1 ;f2tT console 
Ze ONOUT 
move also. 
Gute cdata,al stransmitter 
ret pO cen Tretu ra 
»list device 
»n0t impleme 
ret 
weet Wiest 75 
shot impleme 
ret 
sWrite puncn device 
snot impleme 
mov al,lan sreturn eor 
ret 
Pow ALY pLOE CIs Nor 
er 
ret Poe owhe 200 
moutine to set and ecno 4a console 


gemstrt, Lt tO upper case 


een ecnos 


call CONIN 
pusn ax 

mov ci,al 
ea] CONOQUT 


, POT 


a 


;Save and 


au G 


swait tor RDA 


remove parity bit 


Sruauits 


Oe. =r 
aa tid 


is empty 


output 
nted 


Tatus 
Ave 


nted 


Loe WOW 


IMPLEMENTED 


Le peemeyyed 


Coatas ber 


SO0sSO12 -Chatac ter 


DO Dax Fo enO GO —COnS Opke 

cmp al, a’ 

Homer t wesc man <a Gis 04 
enpeal, Zz 

ja uret sgreater tnan “2° 15 ox 


até 





meu DSK: 
naisks 


m= vurn - 


BoM i : 


Seer TAX: 


SECTRAN: 


Suse al, 2 - A 


(D 


Se bee alot t 


Ee | 

mov ai, (2x! ;S2t Mextc 
Gest di ,dl 

j2 return ooo roe ee 
MGV Clr AL 

eas GC ONOUT moras YC 
me A 

jnaps pmse Peo uLeaware 


@Omwese Fae Pee neeevwr ef aewe ee ee ae eR ee WHR ewreer 
me Fg Fee Oye Pyr Myr Or OED “A> 7% Mgr Myr OP O4™ AYP as aa ~~ 


a 
- 
a 
a 
wT} 
a 
ee 
ae 
34 
a 
at} 
at 


Paste TDG, OUTDUL. Rout. 


;select aisx given 


to caps 


ner from messave 


is 


Cler sant Loos 


sae eeewwre fF sewewrmpsee ve exwaeereee ee 
Mgd F{P Hgd Fe HYD Oe 2,7 ELD OGe Oe 01% 


“se 
“| 


nes = 


=e 


oy 


BE HS HK ES SH AE A A ASR SS AS Oe YE TK KAS RIK SS SAR AR ASK SE OS AES OE OK KS OK OK 


by resister CL 


equ 2 numer Of 2Nsias Up) TO 16) 
movers —, Cl Tere ides Somos  obiltcog 

mov boxr,d€v¢n fheady LOr "error return 
ene cl,cdisKks sn beyond max disas? 
Mo TOtburn pr Gwen, 1.2.50 

mov c2,v sdoubie(n) 

Mov bOX,CX OX = N 

mov vol, < ueat, al Oe eC 

Slee OK» CL pS Oe 

rov cx,otrset ipbdase 

ead — DX , CX Powe Se mt eS 

oat 70x = .apn 


»7Tove selected disk to nome 
mov 10 _com,n2omcom 

Ow, FT Ky 2 

call execute 

ret 


moet traces adiress fiven by 
Moy tre ,CL 
ret 


,set sector number given ov 
mov sect,ClL 
ret 


jiereaas lace sector CA usine 


position (Track # 


CL 


table at [DX<} 


mov Cu, 2 

MOV aD e cx 

moon DK, ;1S THSasS A SKEW? 
Deon S Kh sLE NOT, RET 





aaa Ox dx Pace Sector to tran tebdl= eidadress 
mow bl. tox] ;f2t loeical sector 
ret 
NO_SH&EW: 
EDD 2h» 1 
RET 


SBTUMA: ;set DMA offset given py CK 
mov dma adr ,Cik 
mer 


Peer UMAG;: ;s2t DMA segment given oy CX 
mov dma seg,Ck 
ret 


} 
GETSEGT: jreturn aadress Of pnysical memory table 
Teme sel Sef table 


rec 
get 05 0 TE 5 AR AE GE Heo HEE EAE ASAE AE AE HEC He HK SAE SS AE A 2 BE AE SiR SE 3 3 2K AE 
_* as 
Momeenit disx [1/0 parameters are s@tup: “ 
5% DISK iced sk  aumber OSI EEIDS Gas 
oe TRK 25 track number (SETTRK) * 
5 7F SECT is sector numoer (Se ssc) = 
a MOmODe els Tis PHYS ADDR FOR DMA ce 
o toners the DMA iso orfser i 
meeeeEAD reads tne selected sector to tne DMA* 
meeeaddress, and WRITS writes tne data rrom * 
Momeece= DMA adiress to tne selécted sector - 
5 nt af 
Bene crete Pee > FF YS BE HK FR EE HE TEAS HE AE Ae EAS ASA AE AS AS Os AR age AB AR AE OF OE A A Ae HE IA AS AK IE AK HE 
Pera Ds 

mov cl,¢ 

mov al,disk PeoOmomne als < seiection 

Saal ~cl Pwo Opecoce 

on al,racoce 

mov io _com,al pores te 10 po 

mupSs Execute 
melts: 

mov cl,4 

mov al,disk 

Sa lena c | 

or al,wrcode yetea te food for write 

mov LOucom,a l 
EXECUTE: 


outer retry: 





metry: 


mo]: 


~w2e 


?6¢ ~w’e We 


“ae @ 


—=@ Se ¢ 


wready: 


merrors: 


overt ryeeni,max retries 


Peal yrty pe sclear controller 
ie ai,royte ? 
Gait Ssenicom 


lena l,istat swalt for completion 
and al,4 sready 
feet ate 


Camere 1.0. completion ox 
an al,rtyps 


$96 unlinxea i/o conplete G1 linked 1/0 comp 
10 disk status Cnanged mee not used ) 

must be a €¥@ in al 

eestlal,1vb pREaACY Status Chaney 

JNZ WOEADY 

OF AL, 2 

jnz werror POOMeG OT eer FELTer. retry 


cmoecs L7o error bits 

ieeeal ~rbyte 

tee ado d 

mov err coie,8h 

jo wready suUNLtT not ready 
mer ai, 1 

Mey Err coce,al 

and al,vtenh pay OLOer errors? 
ioe. werror 


Tead or write 18 ok, al contains @ 
ret 


snot ready, treat as an error for now 
mm al,roeyte »cClear result oyte 
Woo try count 


»,Teturn nNarawere naltunction 


meycount: 


mee Thhy Cut 
ioc Treury 
fepeedl,e>r Code 


MOv an, 

NMOv tx,ax Hakeem erronr COCe 15 0105S 

moy bx,errtp1l 2X) 

call pmse porto te aporoOprhbate message 

hed lL Ccaat da (eamaneiSamberecelyer burier 

ead ucionecao faecOmilove necase CONSOLe Character 
Gorell. C 

Nemwooot. 1 ;eeneer 


VE 





enp al, “R’ 

eomcuULSr Sstry ;52try 1 more tires 

ome ai, 1° 

fewZ Tet i 

pee, 20 +S 
feGet>s ret 


Eon vermanen« SLror 


t 


“) 


+ 


leet a eee 6 Ore oyu OG yi S Ape See oye eas AE AiR VS 27S HGS AS ae AE BR RAK BS IS SIS HR OVS OVS ae AS NS BHR A AK AK AAT AIS IR 


wooot_l: (cad tC Nexemitew/ea Snort 1240 
bins wlOOT 

Na 00 990 NSS BS ORR FS ARIAS AR AS AEE OS AE AK AR HEAT AS AE A OAS AT AS ORAS AS EAE ASAT AE RK OF AE 2 

a i 
Memecendcon sends tne acdress ot tne iopb to cm 

i faye 1560 <Gc es 

5 ms 

; 


sendcon: 
MOV CL,4 
MOV aAX,DMA_SEG 
SNE AX , CL 


ADD aAX,DMA_ADR 
MOY IO_ADR,AX 


MOY CL,4 
MOV AX,CS 
SAL AX,CL 


Peeak OP SS HT CRANCMD ;ADD SsG & OFFSET FOR 262 
gu llow,al 

mioy ci,&8 

Sar ax,cl 

Sle Lolen,al 

ret 


I AK HE SE FS NE ON HE NS AR AK AK HK OG BK I AE AK IK SK AS IK OS HE UE OK BKK HE RS ES RE EK OR AK OE OR OE SOK 3 


; 
;* x8 
oe Data Areas eo 
ao ae 
Fee Fee AiR AS OR 2s OS HR AR AS AS HR RA FF Ok AR OS AE FR AE AR SR A OR ER OE SRE 2 ES IE SK FR FE AE 3 HE 3 
Mere Offset equ our set. > 

dsee 

ore avewmen «Ser Peon heanOusS wht cOoce Sseaneut 
POBY Te db v 
disk ab ¢ Piedad Sieg | veg) hua leeiae 
Cnanc™d db Sau weomGmenanael word 
mo com db ¢g 
nsec db a Pooneem seertors (oO xfer 
br x db Y 
Sec t db ¢ [Ste GuesectCr 


ga 





IO ADR Dw 
ea acr dw 
ama seg dw 


Cé¢eH 
OCS30n 
¢ 


> LMA 
>DMA 


( 


aar 
Base 


OD? SS IP CK 


Meadet eis 


Teg Cringe. 
Maelo Wise obera F 


Se 


;PRYS ADDR FOR SECz¢2 US 


oe 


e= Ta leer 
Ca 


ae 


ement 


RCC ee 


HOM COM EOU 
RNPCODE k&CU 
WER COLE DE 
WRCOODE x#£¢U 
Ss 
) 
5 | 
mrenon ab 
dt 
+ | 
SND 
iy 
: 
Pe | 
gs | 
Signon db 
ab 
GD 
+ | 
9 
END 
mote trp 1b 
ao 
oD 
aercol dw 
aw 
Cw 
aw 
aw 
erg ab 
er) db 
merc ome 
er3 db 
erg dob 
er5 equ 
ero equ 
an’ ed 
ers adh 
erg db 
er A ab 
ers db 
erc db 


;ioader_bios 


Toc Lloage rol Os 


cr,if,cr,if 
system cenerated 
er, Lie 


pL wOcee rT. DLS 


Sigternupt [rep fe 
Shel t .¢ 


Siegert ,2re .2rs 
Seer eS er? 
ro sero ,frA,ers 
SEGrero,erh,ert 
Seen wae enoo fe ras 


SC Tiemeeorr or fo 
“Del2tedi Record 
SOR G etc non we, 2 
Sia ys 

“Seek Error 


Chieit 
Cr got 
CR ar 
Glgt 
ett ed 
erd 

erg 

ery 

Cie f. 
Cig lt 
Cra ks 
Cy tt, 
Eat « 


9 


9 


oat 


9 


“Agdress Error 
“Write Protect 
(iD Crc Frror 
We hen Gow 
“Sector Not Fou 


’ 


ee e¢@e 


a 
e 
e 


od 


ie 


QVeETrrun-Unaerrud 


Beye =i 


eg 


(a 
“ 
a 


7 
R 
ae 


9 ¢ 
L 





er D egu erd 
as 2 ; / oa 3 

ae; Gr sl IO Aires S Maret 3 ,¥ 

ark Seemee 5 ty Late Mark Error : .Z 

erld SC Gigs 

ered eyu erg 

erid equ ers 

ersd Mmomeereit. Drive Not Ready :°a 

mery Cnt dod 2 »11SE eTror retry counter 

j peste emery seament Tactile 

Sexvtanie db il 3,1 segnents 
dw tpa see jis uesee SitaG ys eaiGver BIUS 
awet pa ten pate Geile da co ee OUe 
OY COURSE DOUSLA.LIB peepee Wee Ot SK DEFINITIONS 


Memeo s rw o2 ;local stack tor 1nitiéelization 


Pemeoese equ orrsst > 


Mrstort equ orrset > 
Tpa_see equ (lastotf+e4¢en+15) / 16 
mm@emeren e€qu Given ~- tpa_seg 


Aap 2 still last address ror GENCMD 
ME AF HS TR HS HS OF as HK SAS AS Sy FS ARSE Sy SHS 2S HS TS RS A ae AS AS FG OS ae AE FS AE FS AS AS AS HK 28 OR SK FF 


rd 
os 


ae 
wa 


e we ~we “SO We 


= Dummy Data Section = 
7 a= 
Saale ase ena ans Fie Fee en eS RAS AE A EAS A ASHES AS AE AT AR SS AS AS 3.8 28 5 AE AT AT AE 3K AR ASAE AE 
dsee ZL pa USO Lue  LOweremory 
org % s(interrupt vectors) 
intd_offset Pw i 
mre Seement rw 1 
; @aowelO S¥YStem Cail vector 
rw Be hacs si nt—1 ) 
mos OLtset Tw i} 
pos SEENENT rw 1 


END 


Mmaey cht ab ¢ Hoste eCTror. Tretry Counter 


Ge 





Ce/M=eemonw er 1S 2C2S/i2 
a Ue 
Loppy imsa Controllers 


mel. Cootstrap 


meeo <Y1 A 2Y¢ 


BVO Fe HEF SAVE EH WS BOOTH VESTS SCH HROVH WTVH LP RP BDS ASAE MRRP TE WH ee wee CHP awreF eS ewe eH ee RHE eH > Paversware rare YH 
“42 nr “* ~2 >> Ad tel eget oye “~2 1 "> og Hye yet ey? > #2 o> 7 ~~? *,e Or Cyr O4e 1 2 7 "~2? > ”~\2 o,> “> “2 “~|* ry > "~\* o> —~> ~~? “~? or -f 

° wo M a e * ad 
Memes iS tne LOOT ROM wnichn is residen ° 


<¢ 
a 


memes sor NOnitor. To eGxecutS tre boot * 
Mmeemenonitor must be brougnt on-line and * 


3 


Meeeeon control passed by tne conmand = 
me egrfd4:¢ . First, tne ROM moves #8 
Meewecopy Of its data area to RAM at 1loca- * 
ron e€e¥Vevh, tnen initializes the sesement* 
Meets ters and tne stack pointer. Tne i 
eenous Yeripneral interface cnips on tne* 
Ome ©C/12 are initialized. The £251 - 
Sueeemai intertec® is conrigurea for a 3600* 
memma asyncnronous terninai, ana tne in- * 
Seer rupt controller 1S setup tor inter- = 
® rupts 14@k-17H (vectors at ¢é¢4UE-ve75re) * 
* and edze-triggered auto-HOI (enc of in- * 

terrupt) mode witn all interrupt levels #* 
Meee -Oftf. NeXt, tne egi-2ve Diskette * 
Meeeomurolicr is initialized, and tract @ e 
e~memore: 15 reat to determine tne target * 
@mpeemrasTaph address for LJADER. Finally, * 
Meee LOADS on trac« @ sectors ¢€-<5S aad a 
eemeeacsx J SeCtors 1-25 is read into tne ts 
Seetareet atiress. Control tnen transfers * 
Beeco LOADER. 0M i: 


meme onzdins tne Sven memory locations. end* 
ROM 1 contains the ocd addresses. 800T * 
ROM uses RAM detweern C¢CCCCH and YCCUFFE 8 
(absolute) tor a scratcn area, élone witn* 
mee sector 1 ouffer. as 
ARIK AK FS A AK FR HE HS AE AE AE AS SRK SR AR NS HS SE ES AE AS AR OS AS IS AR AE AS OR FR OK AR OR OR NS AR OK KR AR 


HX 


{ 
% 


3 


of 
a 


ey u ie 
equ 12 


i yj 


GPsk POFtTS and commands 


we we @e t- we Se we We We We 42S We We Wt we HE He OO ee AH He OOH He OH ee PE WH ee Ot RO OH 8 TO ee HO Oe le lOO te OOH lOO OHH Oe we Oe we 





Base 
my pe 
rbyte 
me 5 Ct 
} 
asta t 
ilow 
mien 


’ 


meetual consoles 


mud rate 
mearne for 3 


baud 
; 

mS LS 
Cdata 
; 
tcond 
me 1 1 
pene 
no 1d 
; 

me pl 
1co2 


’ 
ae CS eC 


eS 5G 


' 
we we woe 1 aj = 


we @6¢ we 


~~. 6 


Prst, 


cSe 2 


move 


NOV 
NOV 
mC 
mov 
NOV 
MOV 
NOV 


mov 
NOV 
Mov 
NOV 


Gid 


equ 
euu 
2qu 
equ 


2qu 
equ 
equ 


2 een 

base-1l 
basets 
base+ 7 


oa 52 
Gd + 1 
basete 


vad. ha Te 


ae G6 
Zeomvaud Counter 
2qu 768/(baud_rate/12y) 
en CDAn pee Ol She ol Se 0 Tt 
>a uU 2UEn ; data port 
eau ¢Den P=cooeehoweganne! ¢ port 
equ hengte 6.029) pore 
acu Lome re sce 2 DOr? 
equ beet els seco COommManc port 
equ oad wecooss port, 2 
S950 Cen fecova por, 1 
2qau ean poet Se Teor Lrg ce 1 
HOU QFED4LE 
romseg 
Gemetata area Into RAY eat BevdsC2eu 
ekapic > 
acid x jOOLM tL Do GO wGo wor source 


SIl,drompezin 
HiepOlt Set Tam. start 


ax,@ 
e@s,ax 


saesti 


CX,data_lenetn 
Eepemovs al,di 


ax,d 
arched 
$s ,ax 


sdata 


Syovack offset 


, Sell Ot cata 
FOSTSe.. OfrPdesltLination 


nation sezment is @evd 
;now mucn to move in 
HMO Vemmout, 02 Dron -c 

;at a time 


OVTeS 
cyte 


segment now in RAM 


;Initialize stack seement/ 
poOolmILer 


memear tne directicr tiez 


ao 





Petup 


~~w~e @e wee WE 


} 
;ReESet 
; 

restart: 


homer: 


“ee 


wa ¢@ 


= @ 


NOV 
out 
NOV 
Out 
NOV 
Out 
NOV 
Out 


eo 


el lh a ieee 
ie Di. at 
él,ida 
home. | 
al,ifrna 
ae cL 
algct Ph 
Meoe al 


and initialize 


»also 


al, rtype 


ao al, by Te 


Out 
MmOv 


reset,ail 
BX,ofrtfset 


CALL execute 


mlOV 
NOV 
Mev 
Mov 
inc 
TOV 
MOV 


Demo or > or 
ax, OX 
Exe, or Set 
[ox],al 
OX 

lex! ,an 
Oke, OL TSEL 


woud Execute 


MOV 
TlOV 
MOV 
sal 
NOV 
mov 
anc 
NOV 
NOV 


es,abds 
ax,es 

cl, d¢ 
eure 
Pee ot tSet 
fom)! 
OX 
[ox],an 
Exot f£ Sct 


eall execute 


mov 
NOV 
add 
sal 
mov 
MOV 
inc 
mov 
mov 


cl1l,%¢ 
aes 
axr,secsec 
ex,cl 
ox,ofrset 
ie 1 
OX 
[px],an 
bx,otrset 


wMicm=<o9 Prozranmabie Interrupt Controiler 


pezoge VOX 1 eveo mode 
95259a [CW 2 vector ¢ 4¢-SF 
92e259a ICV 4 auto SOI master 
peed ete ace agitirlevyels orf 
Eteaziglve2e wT steyeew nto race 
Sole Osea Bere One sata! Serorms 


»sclear Status type register 
polveGerestagis Trelis ter 


,reset disxette system 


nome 
»;nmone drive 2 
SCeEORL (On cOteatonet rst Sectcr DMA 
fencer La packet 
head? +5 + 
; 
Pode keCUmuOWy COrDIEL= 
read’ yece Ce Tr God 710r 
»send pacKet 
ssegment loc ror LOADES 
sMUSTt Cranslet= to 16 bat ands 
parece foto TShet te’ controller 
readi+5 
yenter in pacxet 
readl 
»;read track ¥ 
PeOmMpavS OfLSeEt Or track 2 
readZz+s 
readc 


fue 





@>~e @e wWe We wea 


prse2: 


’ 
eoQaoutT: 


we 
oO 

3 

h- 

3 

2° 


i-y (D we we We 
iD PY 
ct (D 


"3 09 
<x 
ee ct 

Mm 


ladle: 


fae CXECUTE 


Nov l2ap segment,es 


Peles tar jump yector 
Pewee ap orrset,7¢ 


emter LOADER 


ier Aword ptr 


mow cl. (Bs | 
pes Cl ,cl 
tee Fevurn 
certs couout 
neaG bee 

jmp pmse2 


Baal ,cSsts 
Fest 41,1 

nee CONSUL 
wev eal,cl 
Sou Clata,al 


ro 
‘da ea 


meal, csts 
test al ,2 
fee cond 7 
mee al ,cuata 
ec, al, 7Fn 


wo 


-_— 


meal, Tty pe 
mies l,royte 
eaii sendcon, 
Meno 1, aS Lat 
and al,¢ 

jz idle 
MicL., ray De 
nese ai. 2 

Ha wet emp 
Meee RY 


ry 
D 
f(b 
pz 
ct 
“4 
( 
q) 
PY 
N 


« 4° 
ioe 6 


cD 
(D0 
fu +4 
ys 
Qrr 
O r+ 
Hs 
ct §2 
ats 
© }--- 
—- << 
t (D 
(D 
ry 43 
© 
ct 
“i | 
iD 


~® 6 >see We 
> #3 


oro ms tat lS 


»System awaiting interrupt 


scnecc« arive status 


Wee 


fis 
pa 


ao 


+ 


‘ 
1-4 


? 





_ 
i 
u 


metcmp: 


t 
oreo re fp 


tact be bh tO be 


tj 


my 
cy hoes Or 
-~ 


4 Ca 14j Cu. 
fr “4 C3 


Oem): 


Cyt. A 
SN OS 
"Gg 

ms 


+> =e we we 


ju 
ct 
fu 
a 


NOV 
PG 
Poe 
eS. 
eae 
mov 
NOV 
Boo 
NOV 
rmiovV 
or. 2 
eal) 
e2 1) L 


ba} 
3 
t= 
~* 
+3 


“= ¢ 


Css tcf 
Soa of 


Pp 
Pp 


Le 
(D 
ct 
& 
ry 
| 
oO 
tx 
+3 


Lf? we we we we 


NOV 
out 
Mov 
aa I 
Out 
pet 


Inag 


ronopezin ea 


@2e We $2 we ®t we SO ~wse WE 


ae 


Me 


= ct e OQ 
oS 


mt m Mm oe |S pecs 
f— 


5. 7 


FID fy 


oro ek 
Oe sel 


ct 
(D 


(D 
iy 


mt ll See 


Qe ry 
UB 
ty J 
ty iD 
> 


? 
b 


Moto OOricte Error messcae 


TMS2 

ey 
ay 
resta 


3 
eee 
el O Wes 
elas 
ax wcl 
Paiee 


Se 


VoL t 


aa 
7 


ro 


mouy ne fo 


al 


Ayolpt 


acl shoe cc 


S2t $ 


moved to RAM 


Mg 


iA 


mney 
CLUS 


all 


fs 


(ou 


Z 





meealstrineg 
’ 
meeadtr<y/ 


9 
Sreadgtrel 


: 
onhoned 


’ 
cerrtol dw 


dw 
dw 
aw 
dw 
dw 
dw 
dw 
Ceré db 
Seri db 
Cere2 db 
Cers abd 
Ceréd db 
eerS ab 
Cero db 
eer’ db 


’ 
cromend euyu 


19 
a6 
Gap 
ao 


aA 
a 


a) 
ab 


a5 
ane 
Gat 
20 
db 
ae 
ole 


aD 
ad) 
ab 
dD 
db 
ae 
ab 


iD 
DB 
a0 
db 
ap 
db 
ee 


Cris ¢ 
Oise ¢ 
Onset 
Siose t 
Ores. ft 
ae 0 SENS 
offset 
Oe Set 


Gig dis 
Serre il. 5 
oaths 

- eye 9 
ees 
Cor cv letes 
Cebit 
Coit , 


OEset, > 


mo 
a J 


SSP PO 


ery 
erl 
ere 
ers 
ere 
ers 
ero 
er? 


“Nuil 
GRC 


eno 


error 
seex ero rt ae 


Wey > reo koe 10 ow 

Pine pe Ouwe code stor drive 
Oise heme ea 

# 

Walt ies = oe | 

COL hOWN er VOY Le e260 rT 
“  -wpper 


Wc dt rst 

(D fv 

HH (2) WN D Fy 

— #3 0) ee 
ct Wy O 


= 
bh oct ry 


=> s 


read multinle 

tec e Ome fo read 

te Chae 

Sitar Gwe Gc 

jNOCiE aoe oreck C Uaces Mere 


=e @Sé¢ wWe We 


~~» 6 


paectOrs 

jose ck = 

wouart Wite sector 1 
saddr 15D 

sooaT MSe 


> ey 7 
re 2G 
7 : G 


CNeeresseurnrer 0 
“Data Overrun-Uncerrun’ .¢ 


Poe 


NOG 


ae 


“Write Protect’,g 

+r CG 
Nrite 

“Drive 


or’ ,2 
Ready’ .¢ 





’ 
mya lenetn 
} 
’ reserve 
: (ro hex 
’ 
dseg 
ore 
’ 
man Start 
read?¢ 
readl 
reade 
none 
errtol 
erd 
earl 
ere 
ers 
erd 
er5 
ero 
er’? 


tle 


meap Offset 
meap Se2Sment 


we 6S 


forek OrTset 


ee tori 


eo (ft we we tf 


3 
ny 
Len 
ADS 
min 
Max 


egu dromena-dronbpevin 


Spece if 2AM for date area 
records zernerated nere) 

Zz 

C2ecn 

equ S 

ero 7 preadernaes ¢ sertor i 
Be ic pReaG (6 2-26 
ro a preaae) howe o 
ES a ;nome drive ¢ 
rw & 

me lenetn cerg 716 

re lenethn cerl 

mo bene tae Cera 

EO pene wn. cers 

eS lenegtn ceré 314 

ie Pe metite Com 3 pd 

ro lengtn cer ae 

mp benetin cerry pal 

rw al 

rw 1 

rw Ce 7 LOsal Stare 
egu SL eSel ss steck 1rom oere down 


T? $1 read in here 
Pau offset $ 


ro 
rw 
rw 
rw 
rw 


Eales 


sABS is all we care avout 


mR rp 


80 





Peer enter. 2 


title “e¢e6 Disx I/0 Drivers’ 


BS Mee IS SS AR AS AS oe AS 8 oS Sys 2,5 AS S82,5 28 AS38238 2,8 28 5, FS AS SS As Sys OS FS FS AS AS AS AS AR 2S AS 3,8 3,8 8 2, 9,5 2,5 
x * 
Bmerisic Input/Output Systen (B10S} for 3 
fey 4-25 Corfigurea tor iSSC 86/12 with o 
Mepis r 2/2 Floppy Pis«k Controlier e 


* (Note: t2is tile contains potn emneddea * 
Geeeads and bLanksS tO minimize tne list rile * 
Meet fOr printing purposes. fou may wisn* 
femeeeemare the blanks berore pertorninz a 


a 
- 
? 


a 
as 


we “@e we Me we Wt We We Be Ws We We 


; - 4 xe 
pema jor editing.) : 
HE AE HE TS HK HK HEHE AK HS HS HS BS OS OTS HS ONS TK BS EE NS SPS OK OE 2S OY AE SE OFS YS OK OE IS IKK AE TS AS AS OK EO NE 


Sopyrigat (C) 1982,i9eL 
beeetal nesearcn, inc. 

Pioecors., racitic Grove 

emit orniae, 3d25e 


(Permission is nere@pny granted to use 
Saed0sGract ta2© follicwlag program in 
@temtcmLementation of CP/M, MP/™ or 
Meeveleror the 2@6e2c or 2422 Micro 
processor} 


@e ~@e we @O we Wt we St wee #8 


true Sq S1 
eaise SOnvehot> Cane 


; FS AS AS Oye ays Aye Few Hye AS FS ape JS FEe 3,8 2,54,e SLs oye 94s FO Spa Spe AyS Oye ye SYS Aye Sym SEs Bye ye OLS Sg Se aye 2S AyD aye aye ays Spe Sys Spe Sy age 
Co i 
Meeeiaoes Ctios is trve if assemoliae tne né 
moos DER BIOS, ctnerwise BIOS is for the 2 
Meee ss tile. Ble list 15 true if we = 
Meme 3 Serldai printer atiacned to ZzLuectéed * 
Mummers 10t is interrupt usec for sarlier a 
meer Sions. ns 
4 oh 28 
Naar = NOS 2 AS 27> AE ASAE SS FS De HS AE AE AS AS AR AG AS AE AEA 5 18 FE AE AS AS A AS ARS 38 BS AE AS 58 


boader Dios So well Se 
ome lL st Su) Tre 


ees) 1 Nt eayu 224 s;reserved BCS Interrupt 


IF MO Ge Oage s50 10S 





2qu 25d¢n 
Suu eee ea 


Su CbBgen ;2D0 


| 
ot 


Bos code 

mem. OftSet 

aes OTst 
I 


eyu L2¢n 
2qu ¢¢egn 
2du ¢47or 


pee Ors 
Cervo Ap an 
BE gomony Ss / 


Bae. i Wee te rn bles 
ests eyu @DAnR ;ice5l status pert 
e2ata equ ¢Den ; fata pont 
te Cee US t 
; ee em ee ee ee ee ee ce wee em ee ee es ee ee ee ee ee ee es ne i i ee 
- | I 
| i 
lsts equ 4in ;2051 No. @ on BLCSSSe status sort 
144 ta equ 4¢n ; Gard per yy 
Eee = Teset Soo Ne rese baSe le CTeg avon. o Of £LCSSSe 
| 3 
; me ee ee wn ee wen oe ce wen en ec we we ee wen wen wen ee en ee ee ee ee ee es ee we we 
ENDIF bles LSC 
tate an 0 EWE NS AS AS AB SRS FS AE AE AS AR ALAS AE SE ALAS AE AE AS AE OK AS ASAE AE AE AS OS OE 2 OF AC 2 
. 23 
ay meet 1S8C 2g4 Disx Controller Ports * 
; 2,5 
te ta cae a= ae We CNG He ARAL AS AE AE AE HE AE AR SI AE AE AR AE EE AR OR 2k AE EE AE AE AE AC AK IE AR AL 
pase2cvs equ adn SO 8Geee dss semec adcre’s 5 
ote cor equ daseedet+e Poe UC ta comma nd 
moc Stat eq baseevery poe. Pi estatus 
fdc_parm equ casecder+l Poe Ou tepalrame Te = 
meee rsl t 2equ nasecvéeérl pec io tn Tesult 
moc 1st Sq vas eey ere 9S3e7] out reset 
dmac_adr equ vasecdgat4 Tico  e eeroase ACAdTeSsS Ot 
aqmac_ cont equ Dasecverd faa, Out control 
mac scan equ dase2G4+6 joeor GONG Scan Control 
dmac_sadr equ oasecd4d+7 Helo SOUG Scan adaress 
aqnac_node equ dasecvadte V2 2m SOUL, moge 
Brae stat Edu Dasecvere feces ta tus 
tdc_ sel equ 0ase2G4+9 ;FDC select port (not used) 
Pac, Sseement ecu case@2yetiy ~;seement address rerlister 


Se 





reset 204 Sued seiaveeis GResete hire 1Ateriac= 


max retries eowilg smax retries on disk i/o 
(et Oreepe aime r roc 
or equ gaa scérriage return 
et equ ¢an sline reed 
Esec 
ore SC port set 
eiep : 
org GOS me oe 
OR Fe AK HR AK OK HE AK AE AK AE AR AK RS AR AR KE OS AS AK OR AK AR AR AK OR SK RO SAR OK SE TK OK OK OK OR OS AK AS 3S 


se 
ym 


BIOS Junp Vector tor I[ndiviauai Routines * 


+ 


qe 


x 
ws 
“ai 


t 
8 


q 
% 


‘ 


BRE 3S HE EK HS IK IK 3S HS HS IS IK AS OK SKK AK SS AE A OR EE AE RE OK OK AS AEE AS ACE AES 2K 3S 


@e we We we we 


mop INIT ;Enter from BOOT ROM or LOADER 
jnp WOOT Panu ve Behe PromebiyOs call % 
pa CONST ene CUE mews 0 LeMGneweuOd hee SbatuS 
jmp CONIN PHevUro=@coasoleuxcy Doaria char 
jnp CONOUT wwe o ucla t LO CoRsore ey ice 
iio LISTOUT Meee wea haGctes wuO ehusSt-aevlce 
jnp PUNCH swrite2 character to puncn device 
jmp READER Gow hi Oude ronmuneddenadeylce 
ao HOME smove to trk #0 on cur sel drive 
moe > ELDSK sselect disk for next ri/writs 
goo SETTEK POOL Eee wer Oe Rect Edyvwrite 

jmp SETSEC ;set sector for next rd/write 
yp SETDMA Te UMOmuSo te nO puser outs (| PME) 
jnp READ pRed@ad, PZ=muyLesseotar 

jnp WRITS swrite a 12s byte sector 

foe LlS TST sretura List status 

feo) OECTRAN Pele ve ita Medi ay Un ciced SeCloOr 
jnp SETDMAB 75et seg vase ror ourft (DMA) 

jmp GETS EGT sreturn otrset of Mem Desc Table 
jup GETIOEF sreturn 1/0 map ovte (IOFYTE) 
jnp SETIOBF ;set 1/0 nap byte (IOBYTS) 

os 


Bemisia Oye ox OPS oye age ope RS Ye oS Hye RAGE AK AE SK SR ope age AK AS OK AS AR FS EK AR I ROK EAS oes AS I AE IES HS 


x 
48 
35 


a4 
a 


INIT Sntry Point, Dirters tor LYEIOS and * 


@e¢ ~@¢ we @6¢ we Me 


Mees, according to Loader_Hios value c 

Fy AS AS BT 3S AS YS S,5 SiS AS SS AS SS ays AS FS AS AS AT FS AS AS ASS eS AE AS AS AS OS aS SiS gS 3S AS FS 39s 3,5 4S 3S 3,5 4,5 5,355 5,5 

eT ¢ PonmoL Sl270Rn mesSaze and ifitielize hardware 
"Ovo axt.Ccs swe enteredac with a JMPF so usé 
mOV SS,a4xXx (eof ace omer Clai Value or os: 
Nov ds,ax ’ Secs 





=e #26 we We we “we we Wet 


oe 


Tach le 


Mov eS,ax ) ada es 
Geen Ocal StTaCK Guring initializaticna 
Mov sp,ofrset stxoase 

Gla PIeCtP Orwardwarrectior 


If Ore oader Dies 


! 
Jew ordsrloS toretae CPM{SYS 11te . 
Betup aid Interrupt vectors in low 
merory to address trap 


mews we 


pusn as “i clifee (ale | WS cleo G pave 
Rev ax o¢ 
mie) GS, ax 
move S&S ,ak 7set #S ana VS to zero 


moevue 12CTSTTUpt 4 to address trap routine 
[Owen ne OL SCT.,Or Set int treo 

MOV int@ segment,Cs 

mov d1,4 

Toews Ly Heucdo ro pasate 

mov Cx, OL’ (Trace ve eLol FC 

mere vs ax,ax sall 256 interrupts 

maemo, Offset to proper 1lnterrupr 

Moreoncos Crirset,odos oOrst 


poo ds srestore the 0S revister 
HEF FS FS HR HS EH FS AS HS AS HS NS SHS HE NE OS TS IK HK BS SRE HS OH OE HS AS SSR AS SK OS KR HST OS SS HS OR ARASH 


Setiational LC =53€ Crannel 
Meroe s bCaud printer — this bo 
Beemer ics c55l Usarts wnicn nea 
* rate generators. < 


=e 
~~ 


ee ee aerate ee eee ce 81S se Se Sees es eee SK oe Se 8a Aes ese S®Serenaee ere «eH eH eOeoe’ SBP eee vreev a's ee a ee ed 
gh MEP Sy Oye Sue Oph 94S SD Sys HYG 74d Sge FyD HET SLD OLD 4d Hyd Ogd HED HAF SLT OLY Oe 74% aa Pr MY Me ye MG Sgt MS oye MYT Syd GYD Ow 4h 949 91% Oye Oye OLr YD 


moyral,cPin 

iemmorGuresct,al ;reset dii Usarts on 255% 

Mev @a),464 

mumeiagetetc,al ;52G USart © im async © O1tT mode 
fiove 21, ¢hn 

Mircea tete,al ;SSt usart © to YOUU Daud 

Rov ai.d¢n 

mi~eeccaveto.ai ;endble TrvRx, and set Mn i Saye 


ic 
> 





mages. s a LOS ter tne LOADER 


Dys2° 1S poe eG date S2enent 
Toy ax, ¢ 
MCV GS,ax Ons EO=Seen200 Ze 0 


2S ate alle orrset 
ia Paolo. celle, DEO S20 SC 
mov bios “sezment,cs s;odos interfuot sesment 
DOD? 45 Perone data Serrent 


— 2 a ae ae a ee Oe Oe Ge ee ae ee a ae ee Se cee Se ee ee ee es ees ee ee es ee ee ee ees ee es ees ee ee ee ee 


ENDIF iOdder — Dako > 


moy OX,O0r?rset signon 


gail pms? sprint Ssignon message 
mov Cl,” flo vo eo Cero dt COLA Star 
op. CCD MUO aoe me Od Sica CULCy Of 
MeoOTs jmp ccotrs pGATSSL entry Tomgor at sommam 
Pe Meus LOader . b10S 
———— a = ep ce SD ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee 
| | 
y, | } 
eet, trap: 
eel PoLOch Paver ri obs 
Moy eaXk, CS 
miev. €S,ax ,22T OUT data SESment 


mov ox,ofrset int_trp 
Cali pnsg 
at yrarastop 


—_ 2 a em GP au GE cm ce GE ae GE ae Ge 2b em eee GREP GE CE GEE GEE GEE Ee OE ED EE SPE EEE mt EPPS EE EE = SE 


ENDI® way oad er .o2 0s 


SAR AS AS AK AS ATS AK AS AG A AS OR SARE AS AB AS ASAE ARS SAS AS BRAS AT 2S AS AT AT AS Ee oS a a Ae AS AT 3 38 2.5 2S 


AT 
= 


; 
’ ae 0 
ia CP/M Cnaracter I/O Intertace Routines as 
5 a Mamorore is Usart (iS25l4ea) on iSBC E5/1izc * 
5% at vorts D#/DA * 
’ * as 
; BE AS AS HS AS AS AS AS AE AS HS 3,5 SS 3S 3555 3,5 35 245 3,5 SS oS 3,0 3,5 345 AS AK AS 3,5 FS os 35 aS 3,5 35 3538 AT AL SS 3525 3,58,5 35 
CONST: sconsole status 

ioe ai. CSts 

ama al,c 

fee coust Tet 

Oimea! ,c5D sreturn non-zero is EDA 
Somst ret: 

ret sneceiver Data Available 
CoN iN ¢ meon Sok ln put 


Car. CONST 


oo 





eoONOUT: 


fees 1 OUT: 


=@se we 
—_ 


teal st: 


=e we 
—=_ 


PUNCH: 
RSADER: 


feo OB ft’: 


ameam === Ge G2 aa am 


nee ONIN jaan tor ALA 

meal, caata 

ee cel. 77 peeca Cotteotd she noVverpar2 ty 011 
ret 


POCwsOlen Oats 
mies t.CSts 
sid) al, ;Ze2T console status 
jz CONOCUT swait tor TEE 
mov al,cl 
Gir Caata,al fer anomiaever fLufteratmoty 
Bei Pete h cern en, date 


list device output 


eae lsl ST 


Neues TOUT Wie toe OP PIL er m0) .0US y 
mov al,cl 
Ole toata,al ;Senda Char to Til 419 


OCH 2 Se sie GS 


man em am ae a ee ae Se at ae SE GS a OS a eee ee Oe a aa ae a ee a a a ee 


Meo a lei SUS 


a@ae al,8in MEO e Otero rn ner. end Lik 
enoeal,cin 

crc Zeno, Tet seitner false, printer is ousy 
or 31,255 Dorn Crile lr hs ready 


ENDIF pO LGC Est 

ae 

MiOtetmomemensted 19 this conileuration 
mov dily.dan 


ret 7oeturn Bee on How 


mov al,¢ PROV. (Oa UCCNSISECACY 





bmg 
(D 
of 
ti 
© 
ty 
-~< 
~3 


S not implemented 


ret FLOOYTeC NOt imolemertei 


z2ro_ret: 


Get 
, 
’ 


meoJneS 


pns@: 


n 


0 


and al,@ 
fuse Zero Theat and plaes 


POUtTING to 2S2t and @cno a console cnareacter 


— 


apo Sdift it to upper case 


e 


call CONIN joe Gece CONSO1e “Maracrter 
push ax 

mov cl,al »Ssave and 

call CONOUT 

pop ax ;ecno to console 

emp al,’a- 

jo uret ;1ess tnan “a is ox 

oOmp al, °2° 

ja uret s2reater tnan “z is ox« 
sub al,°a°-"A” jelse snift to caps 


Rec 


Pei CY SUDTOUTING to print messages 


maigevmainy | 2X | ;zet next char trom message 
mectdi..ad 

Bere lure mec er omens FUT tT 

mov CL,aAL 

eae CONOGT Forint wt 

Denes A 

jJmps pmseg plete ener acter and Loop 


3 TRAE I ACR BK ORK BK ORE 2 AR AK BRAK AS OK OK AR AR IR AE IKE OS A RE OK OR OR HS OK FS OE AS OK FR OE OR RE TSE TE AE 


$m 


’ 


e «a 


in 


peo Lmouy/Outout Routines 78 


© ae 2 2 4 


’ 
5 PAS FETE AK AC AE AR RR ARE AS AS FE RAT AE ALS AE AE AS AS AK A AT AG 2 EAR AS AS 2 AE 2K SRA BS AE A 2a AE 


s5elect disk given by reeister CL 
mov »x,d@Uun 


ere Gl. o Meo LCoS OniVeSUDDOrLS ¢ C€1iSA4S 
ao TeGurn pMetUnra w/ VUE in Bk it tad drive 
Ova ig 2) 

emo. Ci, @ 

Nie, Soil ooveive sri hot Zero 

mov al, 4h selse drive is @ 


afd 





Bell: Die se TaASksal ;save adrive select mask 
ZO vote COR cabardme tes cacress 


Mov C2, 

MOV OX,°X ;2X = wori(Ch) 

Mov cl, 4 

Sa Ok, CL Hilde lt DLV wor Ve Coder 7 Le 


e 
,°T2ate offset trom Disc Parameter Base 
Meomok, of. SCC 2p pase 


mecurn: 
ret 
POME: miowe selected disk to nome vosition (Trece 2) 
mov trk,@ Poet Gis tly 6 bO. tl eaen” Zerc 
mey SX, 0rTSet nom_com 
come execute 
ize Ceturn PHONE Tdrivs vandseeturny if OF 
mov bx,otfset bad nom epee iat 
Gael pmse j HoOMme urror 
jel weet ule sand retry 
Betrimnks 3S52t track address given by Cx 
move Cre ,cl ;we oniy wse & bits of track acdres¢s 
ret 
Peeomo. »Se€t sector number given ov cx 
movesect,ci (We ROCyentSe sgn GoeOD SECTOr edqress 


et 


SECTRAN: ;translate sector CX using table at [DX 
mov DX , Cx 
a DK 4 d X ) 
move Dl, [ox] ; 
ret 


wd seetor to tran tatle® aadress 
Set) focmecal sector 


SSTDMA: ;set DMA ofrset given by Gk 
omane adr ,Cx 
me | 


SETDMAB: ;set DMA Segment given oy Cx 
movoanda Se2,CX 
ret 
} 
GETSEGT: ;return adar2ss or physical memory table 
More bk, O01 TSET Seg. tabdie 
me ¢ 


Fe HE AK HE A HK SE HS AK AE TE HE A UE RC IS AK BE IGE AE HK AN HE A HS KO HK OE AK AE AE OR OS RE RAE OK EK OS KOK AK OE 


a if 


All disk I/O parameters are setup: tne * 
Meag and Write entry points transter one * 
MIonoOreor Los bytes to/fron the current * 


a 





a 


Meoeeacaress uSing tne current disk drive 


ws2e wi we 
se t 
& 


"7" 
- 
ee 
3 
4 
e 
ee 
ee 
* 
ae 
3 
% 
7 
2 
¢ 
ae 
¢ 


AZAD: 
Mev edi. len Hoes LoOercoed  Secrone commenc 
jnps Yr_w_common 

malls: 


mov al,¢an "OAS Letwoi ve Sector cormant 


mew Connon: 
Poe ory Orit Set 10 _COm ;DOINt to Command string 
mov byte otr 1({8X},al snout command into strine 
; montero EXScute anc return 


Beocure scOmMand Striag. 

; PeeOrmts to lenetn, 

; followed by Commend byte, 

’ followed by leneth-1l parameter bytes 


Mowmees > COM,52% 5;Save commend adiress tor retries 
mcer Tevry: 

sallow some retrying 

Doerr ny CNt,Nax_retriss 


mor ry: 

Howe rA, last com 

wee send com Pion Sie tmecTmda ter LO bee? 1 
’ meeck Status poll 


Hoek, last Com 

mov al,l lox ;Z2t command op code. 

Move ok, Coe On sTaAasK if it will be int req 
emoral., <ch 


feeecrec poll fo ee a eteho ee Teer rupt type). 
mov. Cx, =C GUN selse we use not command ctusy 
and al,¢@tn 

enp al,@ch suniess there isn't 

mov al,’ 


; enye Tresult 
| OiCHat Oe ese S a 10 20 ay 
’ fOctlee Mata Sltsein CL 


emer oc 2x1 t 
eee ec poll: 


Mmicl,t ac Stat  shGdia stags 

ema) alc 

mor al, cl >; isolate what we want to soll 
jeemewwec poll Fone OO ws! 2b 6s Cone 


;Operation complete, 
impale tac FTrSslt 3 3S 
and al,len 


Toe rwres i mtmecode Indicates errcr 





eee SX 1 | eC OmEOr, Vie aaa 
poome CY Ce "Ol SrrOr OCCUrTOU 4-6 
op el, i¢n 
fewer nrdy Mmetoom) tema cli feacy, drive 7 
gO, 
Memeeoy. ¥ LOen we just retry read or write 
Seer ury. Cut 
iz cetry jy Up tO 1e Times 
; Bone S 20 T1Ot TECOVer from the 
; Maca CTror 
RIG ah se 


fone Ok, or Ma ee serra sCod.e soe ee iet Ss 
mov ox,errtoi[2xX 
Gali prse 

ieee | Cuadta 

Sola conme ciao 


Sipe al, C 


Po pepo O On ey eee eS oa oo 
MUS USart recerves furier 
Sad UDpey Cas= "Conce le .Cesracter 


ie ~ boot 1 Fa eeu 
Sip. al, 
iemouver TeCtry  ;retry if more times 


j 1 SNOre  -SEror 
7S cou > “is 


eo 
meer dy: j= te LOswat Or Geive ready 
mone CSS’ Treacy 
Re, retry sit it’s ready now we are dcne 
foie Gest sready 
ioe) Pe Uri jee Oren ect) my ween) Wk o Wy 
Mowerom, Of LSet Nrayuse 2 
call pmse ; Drive Not neady 
maaydl: 
Call test reacy 
iieeriy Ol” ;nO0w loop until drive ready 
aos TStry Pete 21 counmeew Ono) CeCcl enon t 
ere t$ 
and al,¥ 
ret Peo Lurt ew tee ose re Or CoOce 
moot 1: Gan fete tt W/ a Siioet leas 
jmp WBOOT 
DSA FR FS AS FH HS IS AS AK HR SE AS RAS IK OS FR OK BS AS AS IS IS HS AR RK ORS IR FS RS KK OK OR OK FR OR KE AE 


3 
ray 
% 


The 12271 requires a read Status command * 
to res@t a drive-not-ready after tne 8 
drive becomes ready 3 


ae 
e6 DE 


¢ 


tt 


(CO 
S 





we ewe ws ee & 


HS SR AR AL AS OK FS AS RK oS FR 26s AR ARK OS OR FS SK FR FS AE AR OR FS OR AR AS ASE RK 2S 3S SR AS ASO 


* 
* 


test ready: 


mov dh, 4¢nh moeoper Nason ttt rt. 1 

os Gus cele SK 5 = U1 

ye Crd vc 

mov dh, €4n jie orea.s 2 Status Ot 


meray? 
Noveeore, Ort set fas Com 
eis] 1a 1c OM 
Eee poll: 
PAseetG Stat %SeC Status word 
Best al, 
emcee: L ywait for not command cusy 
iets tSlt +1227 “$peclai result 
best) ai ,ih WoCOk dtwets LOrecnis drive 
fie 


3 


Mee coils is a read or write 78 


AT] 
3 
= 

é 


x 


HK RE HE AK AE AK AK KR SE SS I RR SK NS OE RIK AE OE OK ES OE OK OK KE NS OK OK OF 


ret SRucimowet is OL) fead ¥ 
Bene ea 08 TEAR AS 22 RE SAS 8 EES Hee AL AE SE AAAS AE HE OE OK ABS AEE RS HE AE AS HEAT AAS AE OE BES AE 28 
ag oa 
mee ]1d Con sends a command and parameters * 
memeero tne 18271: 28k addresses parameters. * 
moe’ DMA controliecr is also initialized as 
5 
; 
’ 


Same Con: 
mitt prec IS fat 


test al,S@h ,insure command not ousy 

jnz send_com floop until. reac y 

9se2 if we nave to initialize ror a DiWA operation 
mov al, lox ;zeTL Conmand byte 

Grewal, icon 


Pee Write emayoe slr NOt a Tread it could be write 

mov cl,4@n 

Pps) fAaLt ome 515 a read command, go set LM4 
hore maybe: 

Garo al. van 


{il (ollie eec 1486 sieave DMA alone if not reac or write 
MOVeEcls eC fh ywe Nave write, not read 
at > ama: 


swe have a Tead or write Ovetation, setup YHA controller 
emecontalnus proper @irsctioz bit’ 
mov al,@¢@4n 


2 e 


out dmac_mode,al penaodle dmac 
NOV al, cd? 
Ciicmac pe CUt yd i Pewee sok Dye TO cONTrol port 


ot 





MOV 
Out 
MOV 
Out 
NOV 
Out 
MOV 
Out 
NOV 
out 
oa ex1t: 
MOV 
Delie 
NOV 


pea, sei mask 


out 
parm loop: 
ec 


Pee 2X1 U 


ic 
paen poll: 


jnz 
mov 
out 


aoc. 


Tae eGOlt, a1 Fie 27 
oe, @uemd a © 
draceaet,al 9S4and 
ea 

RiciGmmcia th yal ;send 
ax,ima seg 

PoC eScemenr, as 9 SENG 
al,an 

BaemooI2nent,al 5 Then 
cl, {BX] ;Set coun 
cx 

al, [3X] ;EEtT conn 


Eacacom,a 1 


‘ee 


smerg2® command ana 
send commana oyt2 


;no (more) 


ier oGuwlens 2a ister 


low oyte2 or DYA 


Dagar OY be 


Wome ere Of SEAMEN. G2CCrTecs 
Nign segment address 

: 

aa) 


errve COCe 


We seteeiue ls. Le Turn 


BX Hobo | sextet) parameter 
im iy Aes ba t , oo 
Mest ged, oe 0 PoOcstme wor aieter Tesister full  od1t 
Dara map o ld mide Wa tit Jabm rez not full 
Shlemmlee fc 
PCO ie at wy SoNd Ment Saramester 
ies OO 7c See lt there are more parareters 


ata_oftset 


Data Areas 


equ offset $ 


BE FH FS HE HK HE HK AK HE AS HS HK HS HEI AK AE HE HK GS HS HTK GS TE IS HK OE HE OHS A OE OK A NEE BK NE OE OK OE HE SK 


dse 

a wate Ot Se 7 TeO UL VoOuUS «wilt n 

ie loader _oios 
; ae Oe Oe Oe oe Oe = > ome a ee oe oe om ee oe me a ee wn we er es ee we ee we rc rn ee oe we we en en wn ee ee oe 
° | ' 
Let : 
Signon db Chae gor yi f 

db “CP/M-t6 Version 2.2°,cr,1t,e 
| ! 
; ee ES a Ge GE GS > Ee a Se > Gs a Oe re ee > es Ge Oe ee oe ee oe ee oe a er ee ee ee ee ee ee oe 

ENDIF yloader dios 

IF not loader_bios 
; om ee a oe > a > a > a a > eee a oe me oe Oe ee = > om > > ee © ee ee en oe ae ee oe oe oe 
onl t 
y | { 
Signon dod Geet yo re 


EN 2 





bad_nom 
mat trp 


eer y DL 


erg 
erl 
ere 
ee 
ert 
er 
ers 
er’? 
ers 
erg 
era 
erg 
ere 
erp 
erk 
erF 


DGevyuise equ 


aoayecnt db 


eo. COM 
ames ady 
dma seg 


Bememaskt dab 


g 


nomic om 


maw 
tre 
Sect 


non_con 
Resecom 


g 


settable db 


db System Generated - 11 Jan &l1’.cr,if,¥? 
ENDIF snet loader_bios 
dp Cweeeectoce  Frror .cor,lf.< 
db Cee einLerrunt @fao calt ,cr,l1i,2 
dw er’,erl,er2z,ers 
Owe Serko ,ero,er/ 
dw ere@,ery,erdéA,erS 
aw ert,erD,erk,er? 
Mecrnlie atull trror ?¢2. ,¢ 
equ erg 
equ ery 
equ er’ 
mooie: . GLOCK irror : 
dimmer, it. Late DMA = +¢ 
moe ott. LU CaCusrror : ,¢ 
mec ra tt. UA ta GRO urror » <2 
@p cr,if, Drive Not Ready :°,f£ 
seeer, it. write Protect :°,¥ 
Seer eee rir OY Not Found :°.¢ 
Moc ralt awrite Sault = ,¢ 
Peer lt. Sector Net Found :° ,¢ 
equ er?d 
eau er¢ 
equ erg 
ere 
¢ saree orrTon, retry counter 
dw 2 Haeganress 67 Last command strine 
dw ¢ pace OLTSet stored nere 
dw ;dma segment stored nere 
4Z2n ;select mask, 440n or 0h 
Voyponse commana strines for i2271 
apa 5 ;lenethn 
db ¢ sread/write function code 
db vg ;track # 
db @ ;sector #4 
mpse.cIn.? ynone drive command 
Cao mene Cn sread status command 
system Memory Seement Table 
Z 72 Segments 
dw tpa ses Pi simeoee Starts atter 2120S 


93 





Gwep pee 167 poanicwo xk CCS UO =v Uk 
dw 2000n rsecond is 2evuy — 
dw 2¢U¢h youeer (ice) 


Miniter o lO olec Dm ereda in disk detinitions 


mee TW oc ;,ile0cal stack for initialization 
merepa se C€gu otfset $ 


a 


Mesitori eau offset $ 
tpa_segz eau (lastofr+¥4¥9n+15) / lo 
meomeeen Cqgu YS¢¥hn - tpa_sée 


db @ Trmilrelastedearess for GcGsNCMD 
9 TRAE AS BE 2 AE HK AK EAR AE AS IER AR AE A OK OK OR BI HE IIE IIE 7K AE OE AK AS AE FR OR OK FR OS SRR AS OK AE OK OR OK OK OK 
7 s 
ig VUuntvewoata Seetlon 8 
,* rd 
§ RA AS OE OR AR FE OS HK AK AR TE NE TK AE HE AL A BE OS AK AR IR AS HR I OK AK DKK BE FE IE AK HH IK IK OR EE AT AE RCE A 
dseg g sabpsolute low memory 
ore ¢ ;(interrupt vectors) 
ee OLTTset rw 1 
intd segment rw iP 
) pad to system call vector 
rw 2*(bdos_int-1) 
paos offset rw 1 
fae Seemnent rw 1 
END 





ot. 
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